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(57) A calibration unit 60 acquires detection signals
each generated by one of a plurality of sensorsin a sensor
unit 40 and indicating detection results of a calibration
target. A state detection unit 61 detects a state of the
calibration target by using the detection signals. A time
difference correction amount setting unit 65 calculates a
time difference between the detection signals each gen-
erated by one of the sensors of the sensor unit 40 by
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using state detection results of the calibration target ob-
tained by the state detection unit 61, and sets a time
difference correction amount on the basis of a calculation
result. Temporal misalignment between pieces of infor-
mation acquired by the plurality of sensors of the sensor
unit 40 can be corrected on the basis of the time differ-
ence correction amount set by the time difference cor-
rection amount setting unit 65.
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Description
TECHNICAL FIELD

[0001] This technology relates to a calibration appara-
tus, a calibration method, a program, and a calibration
system and a calibration target, and corrects temporal
misalignment in information acquired by using a plurality
of sensors in an information processing apparatus.

BACKGROUND ART

[0002] It has been conventionally proposed to perform
an object recognition process and the like with high ac-
curacy by using information obtained with the use of a
plurality of types of sensors. For example, Patent Docu-
ment 1 describes that, when a radar and a camera are
used as sensors to detect a calibration target and results
of the detection are used to perform driving assistance
and the like, the coordinates of the calibration target ob-
tained from the radar and the coordinates of the calibra-
tion target obtained from the camera are used to easily
perform matching of the calibration targets.

CITATION LIST
PATENT DOCUMENT

[0003] Patent Document 1: Japanese Patent Applica-
tion Laid-Open No. 2007-218738

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] By the way, detection results from a plurality of
sensors may include temporal misalignment as well as
spatial misalignment. Therefore, in a case where there
is temporal misalignment between the detection results,
it is not possible to accurately correct the spatial mis-
alignment and the like on the basis of the detection results
from the sensors.

[0005] Therefore, it is an object of this technology to
provide a calibration apparatus, a calibration method, a
program, and a calibration system and a calibration target
capable of correcting temporal misalignment between
detection results acquired by a plurality of sensors.

SOLUTIONS TO PROBLEMS

[0006] A first aspect of this technology is:
a calibration apparatus including:

a state detection unit that detects a state of a cali-
bration target by using detection signals each gen-
erated by one of a plurality of sensors and indicating
detection results of the calibration target; and

a time difference correction amount setting unit that
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calculates a time difference between the detection
signals each generated by one of the sensors by
using state detection results of the calibration target
obtained by the state detection unit, and sets a time
difference correction amount on the basis of a cal-
culation result.

[0007] In this technology, a state of a calibration target
is detected by a state detection unit by using detection
signals each generated by one of a plurality of sensors
and indicating detection results of the calibration target,
for example, an active sensor and a passive sensor, or
a plurality of active sensors. A radar and/or a lidar is used
as the active sensor. A time difference correction amount
setting unit calculates a time difference between the de-
tection signals each generated by one of the sensors by
using state detection results of the calibration target ob-
tained by the state detection unit. Specifically, with the
use of any one of the detection signals each generated
by one of a plurality of sensors as reference, the time
difference correction amount setting unit calculates a
time difference with respect to the detection signal as
reference by using state detection results of respective
frames of the detection signal. For example, the time dif-
ference correction amount setting unit calculates, by us-
ing the state detection results, a difference in frame num-
bers when there occurs an equal change in the state of
the calibration target, and defines the difference as the
time difference. Furthermore, a synchronization process-
ing unit is further included which corrects, by using a time
difference correction amount, a time difference in a de-
tection signal for which the time difference has been cal-
culated. For example, the time difference indicates the
difference in the frame numbers when there occurs an
equal change in the state of the calibration target, and
the synchronization processing unit outputs the detection
signal corrected with the time difference correction
amount with frame numbers thereof matched with those
of the detection signal as reference. Furthermore, the
detection signals each generated by one of the plurality
of sensors may indicate detection results when states of
the calibration target are randomly switched, not limited
to the case of indicating detection results when the states
of the calibration target are switched in a predetermined
period.

[0008] A second aspect of this technology is:

a calibration method including:

detecting a state of a calibration target by a state
detection unit by using detection signals each gen-
erated by one of a plurality of sensors and indicating
detection results of the calibration target; and

calculating a time difference between the detection
signals each generated by one of the sensors by
using state detection results of the calibration target
obtained by the state detection unit, and setting a
time difference correction amount by a time differ-
ence correction amount setting unit on the basis of
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a calculation result.

[0009] A third aspect of this technology is:

a program that causes a computer to execute calibration
of detection signals each generated by one of a plurality
of sensors and indicating detection results of a calibration
target, the program causing the computer to execute:

a procedure for detecting a state of the calibration
target by using the detection signals; and

aprocedure for calculating a time difference between
the detection signals each generated by one of the
sensors on the basis of state detection results of the
calibration target, and setting a time difference cor-
rection amount on the basis of a calculation resuilt.

[0010] Note thatthe program of the presenttechnology
is a program which can be provided by, for example, a
storage medium or a communication medium which pro-
vides a general-purpose computer capable of executing
various programs with a program in a computer-readable
format, for example, a storage medium such as an optical
disk, a magnetic disk, or a semiconductor memory, or a
communication medium such as a network. By providing
such aprogram in acomputer-readable format, a process
in accordance with the program is realized on the com-
puter.

[0011] A fourth aspect of this technology is:

a calibration system including:

a sensor unit that generates detection signals each
generated by one of a plurality of sensors and indi-
cating detection results of a calibration target;

a state detection unit that detects a state of the cal-
ibration target by using the detection signals of re-
spective sensors generated by the sensor unit;

a time difference correction amount setting unit that
calculates a time difference between the detection
signals each generated by one of the sensors by
using state detection results of the calibration target
obtained by the state detection unit, and sets a time
difference correction amount on the basis of a cal-
culation result; and

a synchronization processing unit that corrects the
time difference between the detection signals by us-
ing the time difference correction amount set by the
time difference correction amount setting unit.

[0012] A fifth aspect of this technology is:

a calibration target including:

a characteristic switching unit capable of performing
switching to a different reflection characteristic state.
[0013] In this technology, an antireflection portion is
movably provided at a front surface of a target having a
predetermined reflection characteristic, and is moved in
a predetermined period or arandom period, or antireflec-
tion portions are each movably provided at a front surface
of one of a plurality of targets having different reflection
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characteristics, one target of which the antireflection por-
tion has been moved from the front surface thereof is
selected, and the target to be selected is switched in a
predetermined period or randomly. Furthermore, by pro-
viding a plurality of targets having different reflection
characteristics in a rotation direction of a rotating body,
and rotating the rotating body, it is possible to perform
switching between the targets in a predetermined period,
and to perform switching to a different reflection charac-
teristic state in a predetermined period. Furthermore, an
indicator which indicates state information indicating a
state of the reflection characteristic may be provided.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

Fig. 1 is a diagram illustrating a configuration of a
calibration system.

Fig. 2 is a diagram illustrating a configuration of a
calibration unit.

Fig. 3 is a flowchart exemplifying an operation of the
calibration unit.

Fig. 4 is a diagram exemplifying a configuration of
an information processing apparatus in a first em-
bodiment.

Fig. 5 is a flowchart exemplifying a detection signal
acquisition process in the first embodiment.

Fig. 6 is a flowchart exemplifying a time difference
correction amount setting process in the first embod-
iment.

Fig. 7 is a diagram illustrating a first operation exam-
ple in the first embodiment.

Fig. 8 is a diagram illustrating a second operation
example in the first embodiment.

Fig. 9 is a diagram illustrating the second operation
example after calibration.

Fig. 10 is a diagram illustrating a third operation ex-
ample in the first embodiment.

Fig. 11 is a diagram illustrating a fourth operation
example in the first embodiment.

Fig. 12 is a diagram illustrating the fourth operation
example after calibration.

Fig. 13 is a diagram illustrating a fifth operation ex-
ample in the first embodiment.

Fig. 14 is a diagram illustrating a configuration of a
second embodiment.

Fig. 15 is a diagram illustrating a first operation ex-
ample in the second embodiment.

Fig. 16 is a diagram illustrating a second operation
example in the second embodiment.

Fig. 17 is a diagram illustrating the second operation
example after calibration.

Fig. 18 is a diagram illustrating a third operation ex-
ample in the second embodiment.

Fig. 19 is a diagram illustrating a fourth operation
example in the second embodiment.

Fig. 20 is a diagram illustrating the fourth operation
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example after calibration.

Fig. 21 is a diagram exemplifying a configuration of
an information processing apparatus in a third em-
bodiment.

Fig. 22 is a flowchart exemplifying a time difference
correction amount setting process in the third em-
bodiment.

Fig. 23 is a diagram illustrating a first operation ex-
ample in the third embodiment.

Fig. 24 is a diagram illustrating a second operation
example in the third embodiment.

Fig. 25is a diagram illustrating the second operation
example after calibration.

Fig. 26 is a perspective view illustrating another con-
figuration of a calibration target.

Fig. 27 is a set of a front view and a top view of the
other configuration of the calibration target.

Fig. 28 is a diagram exemplifying a case where a
time difference is equal to or longer than a state
switching period of the calibration target.

Fig. 29 is a block diagram illustrating an example of
a schematic configuration of a vehicle control sys-
tem.

Fig. 30 is a diagram exemplifying the arrangement
of the calibration target.

MODE FOR CARRYING OUT THE INVENTION

[0015] Hereinafter, modes for carrying out the present
technology will be described. Note that the descriptions
will be given in the following order.

. About Calibration System
. First Embodiment

. Second Embodiment

. Third Embodiment

. Modifications

. Exemplary Applications

OO WN -

<1. About Calibration System>

[0016] Fig. 1 exemplifies a configuration of a calibration
system. A calibration system 10 includes a calibration
target 20 and an information processing apparatus 30.
The calibration target 20 includes a characteristic switch-
ing unit which can perform switching to a different reflec-
tion characteristic state. The information processing ap-
paratus 30 includes a sensor unit 40 and a calibration
unit 60 corresponding to a calibration apparatus of the
present technology. The sensor unit 40 includes a plu-
rality of sensors, generates a detection signal indicating
detection results of the calibration target 20, and outputs
the detection signal to the calibration unit 60. The cali-
bration unit 60 uses the detection signal supplied from
the sensor unit 40 to perform state detection so as to find
to which state a reflection characteristic of the calibration
target 20 is switched. Furthermore, the calibration unit
60 calculates, by using state detection results, a time
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difference between detection signals each generated by
one of the sensors, and sets a time difference correction
amount on the basis of a calculation result.

[0017] The plurality of sensors of the sensor unit 40
includes at least an active sensor. For example, the plu-
rality of sensors may include an active sensor and a pas-
sive sensor, or may include a plurality of active sensors.
As the active sensor, a radar and/or a lidar is used.
[0018] In a case where an imaging unit 41C using an
image sensor (passive sensor) which generates a detec-
tion signal indicating an imaged image of the calibration
target, and a radar unit 41R using a radar (active sensor)
which radiates a transmission beam and generates a de-
tection signal on the basis of the transmission beam (re-
flection beam) reflected by the calibration target are used
as the plurality of sensors, in the calibration target 20,
the characteristic switching unit which can perform
switching to a different reflection characteristic state in-
cludes a reflector 21 and a radio wave absorber 22. The
calibration target 20 performs switching to either of two
states, i.e., a state where the reflector 21 is not hidden
by the radio wave absorber 22 and a state where the
reflector 21 is hidden by the radio wave absorber 22. On
the basis of the state detected on the basis of the detec-
tion signal generated by the imaging unit 41C and the
state detected on the basis of the detection signal gen-
erated by the radar unit 41R, the calibration unit 60 de-
tects a time difference between the detection signals of
the imaging unit 41C and the radar unit 41R, and sets a
correction amount for correcting detected temporal mis-
alignment.

[0019] Fig. 2 exemplifies a configuration of the calibra-
tion unit. The calibration unit 60 includes a state detection
unit 61 and a time difference correction amount setting
unit 65.

[0020] On the basis of the detection signals each gen-
erated by one of the sensors in the sensor unit 40, the
state detection unit 61 detects which state of the reflection
characteristic (hereinafter, also simply referred to as
"state of the calibration target") the calibration target 20
is in. For example, the state detection unit 61 performs
image recognition using the detection signal generated
by the imaging unit41C, detects a state, i.e., whether the
reflector 21 is not hidden or is hidden by the radio wave
absorber 22, and outputs a state detection result to the
time difference correction amount setting unit 65. Fur-
thermore, on the basis of a reflection level indicated by
the detection signal generated by the radar unit 41R, the
state detection unit 61 detects a state, i.e., whether the
reflector 21 is not hidden or is hidden by the radio wave
absorber 22, and outputs a state detection result to the
time difference correction amount setting unit 65.
[0021] The time difference correction amount setting
unit 65 calculates a time difference ER between the de-
tection signals each generated by one of the sensors on
the basis of the state detection results supplied from the
state detection unit 61, and sets a time difference cor-
rection amount EC on the basis of a calculation result.
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[0022] Fig. 3 is a flowchart exemplifying an operation
of the calibration unit. In step ST1, the calibration system
starts an operation of the calibration target. The calibra-
tion target 20 of the calibration system 10 starts a switch-
ing operation for switching the reflection characteristic to
a different state, and proceeds to step ST2.

[0023] In step ST2, the calibration system performs
setting to a calibration mode. The information processing
apparatus 30 of the calibration system 10 sets an oper-
ation mode to the calibration mode in which a time dif-
ference correction amount is set by using the detection
signals generated by the sensor unit 40, and proceeds
to step ST3.

[0024] In step ST3, the calibration system sets a de-
termination target period. The information processing ap-
paratus 30 of the calibration system 10 sets a signal pe-
riod of each of the detection signals used for setting the
time difference correction amount as the determination
target period, and proceeds to step ST4.

[0025] In step ST4, the calibration system performs a
detection signal acquisition process. The information
processing apparatus 30 of the calibration system 10
starts an operation of the sensor unit 40, acquires a de-
tection signal indicating a detection result of the calibra-
tion target for each sensor of the sensor unit 40 for the
determination target period, and proceeds to step ST5.
[0026] In step ST5, the calibration system performs a
time difference correction amount setting process. On
the basis of the detection signals acquired in step ST4,
the calibration unit 60 in the information processing ap-
paratus 30 of the calibration system 10 calculates a time
difference between the detection signals by using the
state detection results indicating which state of the re-
flection characteristic the calibration target 20 is in, and
sets a time difference correction amount.

<2. First Embodiment>

[0027] Next, a first embodiment will be described. In
the first embodiment, for example, an imaging unit (pas-
sive sensor) and a radar unit (active sensor) are used as
a plurality of sensors, and a time difference is calculated
by using a detection signal generated by the imaging unit
as reference. Furthermore, frame numbers are used for
the calculation of the time difference.

[0028] Fig. 4 exemplifies a configuration of an informa-
tion processing apparatus in the first embodiment. An
information processing apparatus 30-1 includes a sensor
unit 40-1 and a signal processing unit 50-1.

[0029] The sensor unit 40-1 includes the imaging unit
41C and the radar unit 41R. The imaging unit 41C gen-
erates a detection signal indicating an imaged image of
the calibration target for each frame and outputs the de-
tection signal to the signal processing unit 50-1. The radar
unit 41R generates a detection signal for each frame on
the basis of a reflection beam and outputs the detection
signal to the signal processing unit 50-1. Furthermore,
the detection signals generated by the imaging unit 41C
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and the radar unit 41R include frame information (for ex-
ample, frame numbers).

[0030] The signal processing unit50-1 includes a cam-
era signal processing unit 51C, a radar signal processing
unit 51R, a synchronization extraction unit 52, a synchro-
nization processing unit 53, a recognizer 55, and a cali-
bration unit 60-1.

[0031] The camera signal processing unit 51C per-
forms a camera signal process, for example, at least one
of a noise removal process, a gain adjustment process,
adefective pixel correction process, a demosaic process,
a color adjustment process, or the like, with respect to
the detection signal supplied from the imaging unit 41C.
The camera signal processing unit 51C outputs the proc-
essed detection signal to the synchronization extraction
unit 52 and the calibration unit 60-1.

[0032] On the basis of the detection signal from the
radar unit 41R, the radar signal processing unit 51R cal-
culates a relative distance and a relative speed with re-
spect to the calibration target on the basis of a difference
between the frequency of the reflection beam and the
frequency of a transmission beam. Furthermore, a direc-
tion of the calibration target is calculated on the basis of
a phase difference between receiving array antennas of
the reflection beam. The radar signal processing unit51R
outputs the processed detection signal to the synchroni-
zation processing unit 53 and the calibration unit 60-1.
[0033] The synchronization extraction unit 52 extracts
frame numbers from the detection signal and outputs the
frame numbers to the synchronization processing unit
53. Furthermore, the synchronization extraction unit 52
may extract the frame numbers and a synchronization
signal from the detection signal and output the frame
numbers and the synchronization signal to the synchro-
nization processing unit 53. Furthermore, the synchroni-
zation extraction unit 52 outputs the detection signal sup-
plied from the camera signal processing unit 51C to the
recognizer 55.

[0034] The synchronization processing unit 53 cor-
rects frame numbers of the detection signal supplied from
the radar signal processing unit 51R on the basis of the
frame numbers supplied from the synchronization extrac-
tion unit 52 and the time difference correction amount
EC set by the calibration unit 60-1, and outputs the cor-
rected detection signal to the recognizer 55. Further-
more, in a case where the synchronization signal is sup-
plied from the synchronization extraction unit 52, the syn-
chronization processing unit 53 may output the detection
signal of which the frame numbers have been corrected
to the recognizer 55 at timing equal to that of the detection
signal output from the synchronization extraction unit 52
to the recognizer 55 by synchronizing these detection
signals, that is, by matching the frame numbers of these
detection signals.

[0035] The recognizer 55 performs a subject recogni-
tion process and the like on the basis of the detection
signal supplied from the synchronization extraction unit
52 and the detection signal supplied from the synchroni-
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zation processing unit 53, which is a detection signal in
which temporal misalignment has been corrected.
[0036] The calibration unit60-1 sets the time difference
correction amount EC using the detection signals gen-
erated by the imaging unit 41C and the radar unit 41R.
The calibration unit 60-1 includes state detection units
61C and 61R, frame number extraction units 62C and
62R, and a time difference correction amount setting unit
65-1.

[0037] The state detection unit 61C detects a state of
the calibration target on the basis of the detection signal
supplied from the camera signal processing unit 51C.
Forexample, the state detection unit 61C performsimage
recognition using the detection signal, detects a state,
i.e., whether the reflector 21 is not hidden or is hidden
by the radio wave absorber 22 in the calibration target
20, and outputs a result of the detection to the time dif-
ference correction amount setting unit 65-1.

[0038] The state detection unit 61R detects a state of
the calibration target on the basis of the detection signal
supplied from the radar signal processing unit 51R. For
example, the state detection unit 61R detects a state,
i.e., whether the reflector 21 is not hidden or is hidden
by the radio wave absorber 22 in the calibration target
20, on the basis of a signal level of the detection signal,
and outputs aresult of the detection to the time difference
correction amount setting unit 65-1.

[0039] The frame number extraction unit 62C extracts
frame numbers from the detection signal supplied from
the camera signal processing unit 51C, and outputs the
frame numbers to the time difference correction amount
setting unit 65-1.

[0040] The frame number extraction unit 62R extracts
frame numbers from the detection signal supplied from
the radar signal processing unit 51R, and outputs the
frame numbers to the time difference correction amount
setting unit 65-1.

[0041] With the use of any one of the detection signals
each generated by one of the plurality of sensors, for
example, a detection signal SC, as reference, the time
difference correction amount setting unit 65-1 calculates
the time difference ER in a detection signal SR with re-
spect to the detection signal SC as reference by using
state detection results of respective frames in the state
detection units 61C and 61R. Regarding the calculation
of the time difference ER, for example, the frame num-
bers supplied from the frame number extraction units 62C
and 62R are used, and a difference in the frame numbers
when there occurs an equal change in the state of the
calibration target is defined as the time difference ER.
Furthermore, the time difference correction amount set-
ting unit 65-1 sets the time difference correction amount
EC with respect to the detection signal SR on the basis
of the calculated time difference ER.

[0042] Next, an operation of the first embodiment will
be described. Fig. 5 is a flowchart exemplifying the de-
tection signal acquisition process in the firstembodiment.
Note that the detection signal acquisition process corre-
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sponds to the process of step ST4 in Fig. 3.

[0043] Instep ST11, the information processing appa-
ratus initializes the imaging unit. The information
processing apparatus 30-1 initializes the imaging unit
41C in the sensor unit 40, and proceeds to step ST12.
[0044] Instep ST12, the information processing appa-
ratusinitializes the radar unit. The information processing
apparatus 30-1 initializes the radar unit41R in the sensor
unit 40, and proceeds to step ST13.

[0045] In step ST13, the information processing appa-
ratus starts an operation of the imaging unit. The infor-
mation processing apparatus 30-1 operates the imaging
unit 41C to start imaging the calibration target 20, gen-
erates a detection signal, and proceeds to step ST14.
Note that the detection signal generated by the imaging
unit 41C is processed by the camera signal processing
unit 51C. Furthermore, in step ST13, the imaging unit
41C outputs a synchronization signal used when gener-
ating the detection signal to the radar unit 41R.

[0046] In step ST14, the information processing appa-
ratus starts an operation of the radar unit in synchroni-
zation with the imaging unit. The information processing
apparatus 30-1 operates the radar unit 41R using the
synchronization signal supplied from the imaging unit
41C as reference, starts generating a detection signal
indicating a state of reflection of an electromagnetic wave
by the calibration target 20, and proceeds to step ST15.
Note that the detection signal generated by the radar unit
41Ris processed by the radar signal processing unit51R
as described above.

[0047] In step ST15, the information processing unit
performs a state detection process of the calibration tar-
get. The state detection unit 61C in the calibration unit
60 of the information processing apparatus 30-1 detects
a state of the calibration target 20 on the basis of the
detection signal generated by the imaging unit 41C and
processed by the camera signal processing unit 51C.
Furthermore, a state detection unit 61L detects a state
of the calibration target 20 on the basis of the detection
signal generated by the radar unit 41R and processed
by the radar signal processing unit 51R, and proceeds
to step ST16.

[0048] In step ST16, the information processing appa-
ratus determines whether or not the detection signal has
been generated for the determination target period. The
information processing apparatus 30-1 returns to step
ST15 if the detection signal has been generated by the
imaging unit 41C for a period shorter than the determi-
nation target period, for example, if the detection signal
has been generated in which the number of frames is
smaller than a predetermined number of frames (for ex-
ample, n frames), and ends the detection signal acquisi-
tion process if it is determined that the detection signal
has been generated for the determination target period
in the imaging unit 41C, for example, if the detection sig-
nal including a predetermined number of frames (for ex-
ample, n frames) has been generated.

[0049] Fig. 6 is a flowchart exemplifying the time dif-
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ference correction amount setting process in the first em-
bodiment. Note that the time difference correction
amountsetting process corresponds to step ST5in Fig. 3.
[0050] Instep ST21, the information processing appa-
ratus calculates the time difference ER. Regarding a time
difference calculation target frame of the detection signal
generated by the imaging unit 41C, the time difference
correction amount setting unit 65-1 in the calibration unit
60 of the information processing apparatus 30-1 calcu-
lates a time difference with respect to the detection signal
generated by the radar unit 41R on the basis of the state
detection result. Note that the time difference calculation
target frame is a first frame after the state detection result
of the calibration target 20 changes in the determination
target period and/or a frame immediately therebefore,
and in the following description, a case is exemplified
where afirst frame after the state detection result chang-
es is defined as the time difference calculation target
frame.

[0051] For example, the frame numbers of the detec-
tion signal SC for the determination target period gener-
ated by the imaging unit 41C are denoted by "ito i + n".
Furthermore, in the determination target period, the
frame numbers of the detection signal SR generated by
the radar unit 41R before the time difference correction
are denoted by "jtoj + n".

[0052] The time difference correction amount setting
unit 65-1 calculates the time difference ER by using a
frame number of the detection signal SR indicating a
change in the state detection result of the calibration tar-
get 20 equal to that in the detection signal SC. Further-
more, in a case where the states of the calibration target
20 can be switched in a predetermined period, a frame
which indicates an equal change in the state detection
result is defined as a frame having a smallest frame dif-
ference within a period of time shorter than one state
switching period of the calibration target 20.

[0053] Here, in a case where the state detection result
changes at a frame having frame number ig of the de-
tection signal SC and a change equal to that change oc-
curs at a frame having frame number jk of the detection
signal SR, a time difference ERg is calculated on the
basis of the formula (1), and the process proceeds to
step ST22.

ERg = (ig - jk) ... (1)

[0054] Instep ST22, the information processing appa-
ratus determines whether or not the calculation of the
time difference in the determination target period has
been completed. The time difference correction amount
setting unit 65-1 of the information processing apparatus
30-1 proceeds to step ST23 if the calculation of the time
difference, which is performed for each frame in which
the state detection result has changed in the determina-
tion target period, has not been completed, and proceeds
to step ST24 if the calculation of the time difference,
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which is performed for each frame in which the state de-
tection result has changed, has been completed.
[0055] In step ST23, the information processing appa-
ratus performs an update process of the time difference
calculation target frame. The time difference correction
amount setting unit 65-1 of the information processing
apparatus 30-1 sets the time difference calculation target
frame to a next frame in the detection signal SC in which
the state detection result of the calibration target 20 has
changed, and returns to step ST21.

[0056] In step ST24, the information processing appa-
ratus determines whether or not the calculated time dif-
ferences ER are equal. The time difference correction
amount setting unit 65-1 of the information processing
apparatus 30-1 proceeds to step ST25 if it is determined
that the time differences ER are equal, and proceeds to
step ST27 if a frame indicating a different time difference
ER is included.

[0057] In step ST25, the information processing appa-
ratus sets a time difference correction amount. On the
basis of the time difference ER calculated in step ST22,
the time difference correction amount setting unit 65-1
of the information processing apparatus 30-1 sets the
time difference correction amount EC with which a frame
number of the detection signal SR indicating a change
in the state detection result equal to that in the detection
signal SC is made equal to a corresponding frame
number of the detection signal SC, and proceeds to step
ST26.

[0058] In step ST26, the information processing appa-
ratus sets a calibration success flag. Because the setting
of the time difference correction amount EC has been
completed, the time difference correction amount setting
unit 65-1 of the information processing apparatus 30-1
sets the calibration success flag to a set state (on state),
and ends the time difference correction amount setting
process.

[0059] Instep ST27, the information processing appa-
ratus causes the calibration success flag to be not set.
The time difference correction amount setting unit 65-1
of the information processing apparatus 30-1 does not
perform the setting of the time difference correction
amount EC because a frame indicating a different time
difference is included, and thus the time difference cor-
rection amount setting unit 65-1 of the information
processing apparatus 30-1 sets the calibration success
flag to a non-set state (off state), and ends the time dif-
ference correction amount setting process.

[0060] Next, operation examples of the first embodi-
ment will be described with reference to Figs. 7 to 13.
Fig. 7 is a diagram illustrating a first operation example
in the firstembodiment, and Fig. 8 is a diagramiillustrating
a second operation example in the first embodiment. In
each of the first operation example and the second op-
eration example, a case is exemplified where periods of
two states, i.e., a state where the reflector 21 in the cal-
ibration target 20 is not hidden by the radio wave absorber
22 and a state where the reflector 21 is hidden by the
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radio wave absorber 22, each correspond to a one-frame
period of the detection signals SC and SR.

[0061] The first operation example illustrated in Fig. 7
illustrates a case where the detection signal SC gener-
ated by the imaging unit 41C and the detection signal SR
generated by the radar unit 41R are synchronized. (a) of
Fig. 7 illustrates a state WS of the calibration target 20,
and the state where the reflector 21 is not hidden by the
radio wave absorber 22 is denoted by "OPEN" and the
state where the reflector 21 is hidden by the radio wave
absorber 22 isdenoted by "CLOSE". Furthermore, a state
switching period of the calibration target 20 is a two-frame
period (for example, about one second).

[0062] (b)of Fig. 7 illustrates frame numbers and state
detection results of the detection signal SC generated by
the imaging unit41C. Furthermore, (c) of Fig. 7 illustrates
frame numbers and state detection results of the detec-
tion signal SR generated by the radar unit 41R.

[0063] In a case where the detection signal SC gener-
ated by the imaging unit 41C and the detection signal SR
generated by the radar unit 41R are synchronized, the
frame numbers of the detection signal SC and the detec-
tion signal SR when there occurs an equal change in the
state of the calibration target 20 are equal. Therefore,
the time difference correction amount EC is "0".

[0064] The second operation example illustrated in
Fig. 8 illustrates a case where there is temporal misalign-
ment between the detection signal SC generated by the
imaging unit 41C and the detection signal SR generated
by the radar unit 41R.

[0065] (a) of Fig. 8 illustrates the state WS of the cali-
bration target 20, and the state where the reflector 21 is
not hidden by the radio wave absorber 22 is denoted by
"OPEN" and the state where the reflector 21 is hidden
by the radio wave absorber 22 is denoted by "CLOSE".
Furthermore, the state switching period of the calibration
target 20 is a two-frame period.

[0066] (b)of Fig. 8illustrates frame numbers and state
detection results of the detection signal SC generated by
the imaging unit41C. Furthermore, (c) of Fig. 8 illustrates
frame numbers and state detection results of the detec-
tion signal SR generated by the radar unit 41R.

[0067] Inacase where there is temporal misalignment
in the detection signal SR generated by the radar unit
41R with respect to the detection signal SC generated
by the imaging unit 41C, frame numbers which indicate
an equal change in the state detection results of the cal-
ibration target 20 may differ between the detection signal
SC and the detection signal SR. For example, frame
number 2 is a frame in which the state detection result
based on the detection signal SC has changed from an
OPEN state to a CLOSE state, whereas a frame in which
the state detection result based on the detection signal
SR has changed from the OPEN state to the CLOSE
state is frame number 1, and therefore, the time differ-
ence ER is "1". Furthermore, frame number 3 is a frame
in which the state detection result based on the detection
signal SC has changed from the CLOSE state to the
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OPEN state, whereas a frame in which the state detection
result based on the detection signal SR has changed
from the CLOSE state to the OPEN state is frame number
2, and therefore, the time difference ER is "1". Further-
more, between other frame numbers when there occurs
an equal change in the state of the calibration target, as
well, the time difference ER is "1". Therefore, the time
difference correction amount setting unit 65-1 sets the
time difference correction amount EC to "1". Further-
more, when the time difference correction amount EC is
set, the calibration success flag is set to the set state by
the time difference correction amount setting process il-
lustrated in Fig. 6.

[0068] Fig. 9illustrates the second operation example
after calibration, and the time difference correction proc-
ess has been performed on the detection signal SR gen-
erated by the radar unit 41R using the detection signal
SC generated by the imaging unit 41C as reference. (a)
of Fig. 9 illustrates the state WS of the calibration target
20, and the state where the reflector 21 is not hidden by
the radio wave absorber 22 is denoted by "OPEN" and
the state where the reflector 21 is hidden by the radio
wave absorber 22 is denoted by "CLOSE". Furthermore,
the state switching period of the calibration target 20 is
a two-frame period.

[0069] (b)of Fig. 9 illustrates frame numbers and state
detection results of the detection signal SC generated by
the imaging unit41C. Furthermore, (c) of Fig. 9 illustrates
frame numbers and state detection results of a detection
signal SRh on which the time difference correction proc-
ess has been performed. As described with reference to
Fig. 8, in a case where there is the time difference illus-
trated in Fig. 8 between the detection signal SC and the
detection signal SR, the time difference correction
amount EC is set to "1". Therefore, the synchronization
processing unit 53 adds "1" to the frame numbers of the
detection signal SR to generate the detection signal SRh
illustrated in (c) of Fig. 9. By performing such a process,
the time difference between the detection signal SC and
the detection signal SR can be corrected.

[0070] Fig. 10is adiagram illustrating a third operation
example in the first embodiment, Fig. 11 is a diagram
illustrating a fourth operation example in the first embod-
iment, and Fig. 13 is a diagram illustrating a fifth operation
example in the first embodiment. In each of the third op-
eration example, the fourth operation example, and the
fifth operation example, a case is exemplified where the
periods of the two states of the calibration target 20 are
each a multiple-frame period of the detection signals SC
and SR.

[0071] The third operation example illustrated in Fig.
10 illustrates a case where the detection signal SC gen-
erated by the imaging unit 41C and the detection signal
SR generated by the radar unit 41R are synchronized.
(a) of Fig. 10 illustrates the state WS of the calibration
target 20, and the state where the reflector 21 is not hid-
den by the radio wave absorber 22 is denoted by "OPEN"
and the state where the reflector 21 is hidden by the radio
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wave absorber 22 is denoted by "CLOSE". Furthermore,
the state switching period of the calibration target 20 is
a two-frame period.

[0072] (b) of Fig. 10 illustrates frame numbers and
state detection results of the detection signal SC gener-
ated by the imaging unit 41C. Note that in the following
figures, a reference sign (O) indicates that the state de-
tection result is the OPEN state, and a reference sign (C)
indicates that the state detection result is the CLOSE
state. (c) of Fig. 10 illustrates frame numbers and state
detection results of the detection signal SR generated by
the radar unit 41R.

[0073] In a case where the detection signal SC gener-
ated by the imaging unit 41C and the detection signal SR
generated by the radar unit 41R are synchronized, the
frame numbers of the detection signal SC and the detec-
tion signal SR when there occurs an equal change in the
state of the calibration target 20 are equal. Therefore,
the time difference correction amount EC is "0".

[0074] The fourth operation example illustrated in Fig.
11 illustrates a case where there is temporal misalign-
ment between the detection signal generated by the im-
aging unit 41C and the detection signal generated by the
radar unit 41R.

[0075] (a) of Fig. 11 illustrates the state WS of the cal-
ibration target 20, and the state where the reflector 21 is
not hidden by the radio wave absorber 22 is denoted by
"OPEN" and the state where the reflector 21 is hidden
by the radio wave absorber 22 is denoted by "CLOSE".
Furthermore, the state switching period of the calibration
target 20 is a two-frame period.

[0076] (b) of Fig. 11 illustrates frame numbers and
state detection results of the detection signal SC gener-
ated by the imaging unit 41C. Furthermore, (c) of Fig. 11
illustrates frame numbers and state detection results of
the detection signal SR generated by the radar unit41R.
[0077] Inacase where there is temporal misalignment
in the detection signal SR generated by the radar unit
41R with respect to the detection signal SC generated
by the imaging unit 41C, frame numbers which indicate
an equal change in the state detection results of the cal-
ibration target 20 may differ between the detection signal
SC and the detection signal SR. For example, frame
number 5 is a frame in which the state detection result
based on the detection signal SC has changed from the
OPEN state to the CLOSE state, whereas a frame in
which the state detection result based on the detection
signal SR has changed from the OPEN state to the
CLOSE state is frame number 3, and therefore, the time
difference ER is "2". Furthermore, frame number 9 is a
frame in which the state detection result based on the
detection signal SC has changed from the CLOSE state
to the OPEN state, whereas a frame in which the state
detection result based on the detection signal SR has
changed from the CLOSE state to the OPEN state is
frame number 7, and therefore, the time difference ER
is "2". Furthermore, between other frame numbers when
there occurs an equal change in the state of the calibra-
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tion target, as well, the time difference ER is "2". There-
fore, the time difference correction amount setting unit
65-1 sets the time difference correction amount EC to
"2". Furthermore, when the time difference correction
amount EC is set, the calibration success flag is set to
the set state.

[0078] Fig. 12 illustrates the fourth operation example
after calibration, and the time difference correction proc-
ess has been performed on the detection signal SR gen-
erated by the radar unit 41R using the detection signal
SC generated by the imaging unit 41C as reference. (a)
of Fig. 12 illustrates the state WS of the calibration target
20, and the state where the reflector 21 is not hidden by
the radio wave absorber 22 is denoted by "OPEN" and
the state where the reflector 21 is hidden by the radio
wave absorber 22 is denoted by "CLOSE". Furthermore,
the state switching period of the calibration target 20 is
a two-frame period.

[0079] (b) of Fig. 12 illustrates frame numbers and
state detection results of the detection signal SC gener-
ated by the imaging unit 41C. Furthermore, (c) of Fig. 12
illustrates frame numbers and state detection results of
the detection signal SRh on which the time difference
correction process has been performed. As described
with reference to Fig. 11, in a case where there is the
time difference illustrated in Fig. 11 between the detec-
tion signal SC and the detection signal SR, the time dif-
ference correction amount EC is set to "2". Therefore,
the synchronization processing unit 53 adds "2" to the
frame numbers of the detection signal SR to generate
the detection signal SRh illustrated in (c) of Fig. 12. By
performing such a process, the time difference between
the detection signal SC and the detection signal SR can
be corrected.

[0080] As described above, according to the first em-
bodiment, it is possible to correct temporal misalignment
between the detection signals acquired by the plurality
of sensors.

[0081] The fifth operation example illustrated in Fig. 13
exemplifies a case where there is temporal misalignment
between the detection signal generated by the imaging
unit 41C and the detection signal generated by the radar
unit41R, and the period of the detection signal SR varies.
[0082] (a)of Fig. 13 illustrates the state WS of the cal-
ibration target 20, and the state where the reflector 21 is
not hidden by the radio wave absorber 22 is denoted by
"OPEN" and the state where the reflector 21 is hidden
by the radio wave absorber 22 is denoted by "CLOSE".
Furthermore, the state switching period of the calibration
target 20 is a two-frame period.

[0083] (b) of Fig. 13 illustrates frame numbers and
state detection results of the detection signal SC gener-
ated by the imaging unit 41C. Furthermore, (c) of Fig. 13
illustrates frame numbers and state detection results of
the detection signal SR generated by the radar unit 41R.
[0084] Ina case where there is temporal misalignment
between the detection signal SC generated by the imag-
ing unit 41C and the detection signal SR generated by
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the radar unit 41R and the period of the detection signal
SR varies, as described above, a difference in the frame
numbers of the detection signal SR which indicate an
equal change in the state detection results of the calibra-
tion target 20 based on the detection signal SC may vary.
Note that in Fig. 13, the time difference ER, which is a
difference between the frame numbers, is "1" or "0". In
such a case, the calibration success flag is set to the non-
set state by the time difference correction amount setting
process illustrated in Fig. 6.

[0085] As described above, according to the first em-
bodiment, temporal misalignment between the detection
signals acquired by the plurality of sensors can be cor-
rected by setting the time difference correction amount
onthe basis of the state detection results of the calibration
target. Furthermore, if a recognition process using the
corrected detection signal is performed when the calibra-
tion success flag is in the set state, the recognition proc-
ess can be performed accurately. Furthermore, since the
calibration success flag is in the non-set state in a case
where the temporal misalignment cannot be corrected,
it is possible to prevent problems resulting from the use
of the detection signal including the temporal misalign-
ment, for example, a decrease in object recognition ac-
curacy, from occurring, if the recognizer 55 performs a
recognition process using the detection signal SC or the
detection signal SR in a case where the calibration suc-
cess flag is in the non-set state.

<3. Second Embodiment>

[0086] Next, a second embodiment will be described.
As described above, in a case where the two states of
the calibration target 20 are switched therebetween in a
predetermined period, if the temporal misalignment is
equal to or longer than the periods of the two states of
the calibration target 20, the temporal misalignment can-
not be corrected properly. For example, in a case where
there is a time difference longer than a predetermined
period, if aframe number of the detection signal SR which
indicates an equal change in the state detection results
is detected within the predetermined period, the time dif-
ference cannot be detected correctly. Therefore, in the
second embodiment, a case will be described where the
number of states of the calibration target 20 is increased
to more than two to make it possible to correct temporal
misalignment larger than that in the first embodiment.

[0087] Fig. 14 exemplifies a configuration of the sec-
ond embodiment. In a case where the imaging unit 41C
which generates a detection signal indicating an imaged
image of the calibration target, and the radar unit 41R
which radiates a transmission beam and generates a de-
tection signal on the basis of the transmission beam (re-
flection beam) reflected by the calibration target are used
as the plurality of sensors similarly to the first embodi-
ment, the calibration target 20 includes a plurality of re-
flectors having different radar cross-sections (RCS), ra-
dio wave absorbers provided for respective reflectors,
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and an indicator 23 which indicates that which reflector
reflects the transmission beam. Note that in Fig. 14, re-
flectors 21a, 21b, and 21c having different radar cross-
sections and radio wave absorbers 22a, 22b, and 22c
for respective reflectors are provided.

[0088] In the calibration target 20, the reflectors 21a,
21b, and 21c are selected in a predetermined order, the
selected reflector is set in a state of not being hidden by
the radio wave absorber, and the remaining reflectors
are set in a state of being hidden by the radio wave ab-
sorbers. For example, in a case where the reflector 21a
is selected, the reflector 21a is set in a state of not being
hidden by the radio wave absorber 22a, and the other
reflectors 21b and 21c are set in a state of being hidden
by the radio wave absorbers 22b and 22c, respectively.
Furthermore, the indicator 23 indicates information indi-
cating the selected reflector, specifically, an index indi-
cating the selected reflector, a radar cross-section of the
selected reflector, and the like. For example, in a case
where the reflector 21a is selected, an index indicating
the reflector 21a thus selected is indicated. As described
above, if the reflectors 21a, 21b, and 21c are selected in
a predetermined order, the three states are switched in
a predetermined order in the calibration target 20.
[0089] On the basis of detection results of the state of
the calibration target 20 detected on the basis of the de-
tection signal generated by the imaging unit 41C and the
state of the calibration target 20 detected on the basis of
the detection signal generated by the radar unit 41R, the
calibration unit 60 calculates a time difference and sets
the time difference correction amount EC.

[0090] The information processing apparatus in the
second embodiment is configured similarly to that in the
first embodiment illustrated in Fig. 4.

[0091] In the second embodiment, the state detection
unit 61C detects a state of the calibration target 20 on
the basis of the detection signal supplied from the camera
signal processing unit 51C. For example, the state de-
tection unit 61C recognizes the content of indication of
the indicator 23 using the detection signal, and detects
whether or not the calibration target 20 is in the following
state: in the calibration target 20, any one of the reflectors
21a, 21b, or 21cis not hidden by the corresponding radio
wave absorber, and the other reflectors are hidden by
the corresponding radio wave absorbers. Then, the state
detection unit 61C outputs a result of the detection to the
time difference correction amount setting unit 65-1.
[0092] The state detection unit 61R detects a state of
the calibration target 20 on the basis of the detection
signal supplied from the radar signal processing unit51R.
For example, on the basis of a signal level of the detection
signal, the state detection unit 61R detects whether or
not the calibration target 20 is in the following state: in
the calibration target 20, any one of the reflectors 21a,
21b, or21cis not hidden by the corresponding radio wave
absorber, and the other reflectors are hidden by the cor-
responding radio wave absorbers. Then, the state detec-
tion unit 61R outputs a result of the detection to the time
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difference correction amount setting unit 65-1.

[0093] The time difference correction amount setting
unit 65-1 sets the time difference correction amount EC
on the basis of the detection results from the state de-
tection units 61C and 61R and the frame numbers sup-
plied from the frame number extraction units 62C and
62L.

[0094] Next, an operation of the second embodiment
will be described. In the second embodiment, similarly
to the first embodiment, the detection signal acquisition
process illustrated in Fig. 5 is performed to acquire a
detection signal for the determination target period. Note
that the determination target period is a period of time
longer than the state switching period of the calibration
target 20. Furthermore, in the second embodiment, sim-
ilarly to the first embodiment, the time difference correc-
tion amount setting process illustrated in Fig. 6 is per-
formed, the time difference ER is calculated by using a
frame number of the detection signal SR indicating a
change in the state detection result of the calibration tar-
get 20 equal to that in the detection signal SC, and on
the basis of the calculated time difference ER, setting of
the time difference correction amount EC is performed,
and setting of the calibration success flag, and the like
are performed.

[0095] Figs. 15 to 20 are diagrams for explaining op-
eration examples of the second embodiment. Fig. 15 is
adiagramillustrating a first operation example in the sec-
ond embodiment, and Fig. 16 is a diagram illustrating a
second operation example in the second embodiment.
In each of the first operation example and the second
operation example, a case is exemplified where the pe-
riods of the three states of the calibration target 20 are
each a one-frame period of the detection signals SC and
SR.

[0096] The first operation example illustrated in Fig. 15
illustrates a case where the detection signal generated
by the imaging unit 41C and the detection signal gener-
ated by the radar unit 41R are synchronized. (a) of Fig.
15 illustrates a state WSa where the reflector 21a is se-
lected in the calibration target 20, and a state where the
reflector 21a is not hidden by the radio wave absorber
22aisdenoted by "OPEN", and a state where the reflector
21ais hidden by the radio wave absorber 22a is denoted
by "CLOSE". (b) of Fig. 15 illustrates a state WSb where
the reflector 21b is selected in the calibration target 20,
and a state where the reflector 21b is not hidden by the
radio wave absorber 22b is denoted by "OPEN", and a
state where the reflector 21b is hidden by the radio wave
absorber 22b is denoted by "CLOSE". (c) of Fig. 15 illus-
trates a state WSc where the reflector 21c is selected in
the calibration target 20, and a state where the reflector
21c is not hidden by the radio wave absorber 22c¢ is de-
noted by "OPEN", and a state where the reflector 21c is
hidden by the radio wave absorber 22c is denoted by
"CLOSE". In that case, the state switching period of the
calibration target 20 is a three-frame period.

[0097] (d) of Fig. 15 illustrates indication information
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DS of the indicator 23. For example, indication La indi-
cates that only the reflector 21ais not hidden by the radio
wave absorber 22a, and the reflectors 21b and 21c are
hidden by the radio wave absorbers 22b and 22c, re-
spectively. Indication Lb indicates that only the reflector
21b is not hidden by the radio wave absorber 22b, and
the reflectors 21a and 21c are hidden by the radio wave
absorbers 22a and 22c, respectively. Indication Lc indi-
cates that only the reflector 21c is not hidden by the radio
wave absorber 22c, and the reflectors 21a and 21b are
hidden by the radio wave absorbers 22a and 22b, re-
spectively.

[0098] (e) of Fig. 15 illustrates the detection signal SC
generated by the imaging unit 41C together with state
detection results. Furthermore, (f) of Fig. 15 illustrates
the detection signal SR generated by the radar unit 41R
together with state detection results. Note that in Fig. 15
and Figs. 16 to 20 as described later, a reference sign
(La) indicates that an indication recognition result of the
indicator 23 is indication La, a reference sign (Lb) indi-
cates that an indication recognition result is indication
Lb, and a reference sign (Lc) indicates that an indication
recognition result of the indicator 23 is indication Lc.
[0099] In a case where the detection signal SC gener-
ated by the imaging unit 41C and the detection signal SR
generated by the radar unit 41R are synchronized, the
frame numbers of the detection signal SC and the detec-
tion signal SR when there occurs an equal change in the
state of the calibration target 20 are equal. Therefore,
the time difference correction amount EC is "0".

[0100] The second operation example illustrated in
Fig. 16 illustrates a case where there is temporal mis-
alignment between the detection signal generated by the
imaging unit 41C and the detection signal generated by
the radar unit 41R. Note that (a) of Fig. 16 is similar to
(a) of Fig. 15, and (b) to (d) of Fig. 16 are similar to (b)
to (d) of Fig. 15, and thus descriptions thereof will be
omitted.

[0101] (e) of Fig. 16 illustrates the detection signal SC
generated by the imaging unit 41C together with state
detection results. Furthermore, (f) of Fig. 16 illustrates
the detection signal SR generated by the radar unit 41R
together with state detection results.

[0102] Ina case where there is temporal misalignment
in the detection signal SR generated by the radar unit
41R with respect to the detection signal SC generated
by the imaging unit 41C, frame numbers which indicate
an equal change in the state detection results of the cal-
ibration target 20 may differ between the detection signal
SC and the detection signal SR. For example, frame
number 2 is a frame in which the state detection result
based on the detection signal SC has changed from the
indication La to the indication Lb, whereas a frame in
which the state detection result based on the detection
signal SR has changed from the indication La to the in-
dication Lb is frame number 1, and therefore, the time
difference ER is "1". Furthermore, frame number 3 is a
frame in which the state detection result based on the
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detection signal SC has changed from the indication Lb
to the indication Lc, whereas a frame in which the state
detection result based on the detection signal SR has
changed from the indication Lb to the indication Lc is
frame number 2, and therefore, the time difference ER
is "1". Moreover, frame number 4 is a frame in which the
state detection result based on the detection signal SC
has changed from the indication Lc to the indication La,
whereas aframe in which the state detection resultbased
on the detection signal SR has changed from the indica-
tion Lc to the indication La is frame number 3, and there-
fore, the time difference ER is "1". Therefore, the time
difference correction amount setting unit 65-1 sets the
time difference correction amount EC to "1". Further-
more, when the time difference correction amount EC is
set, the calibration success flag is set to the set state by
the time difference correction amount setting process il-
lustrated in Fig. 6.

[0103] Fig. 17illustrates the second operation example
after calibration, and the time difference correction proc-
ess has been performed on the detection signal SR gen-
erated by the radar unit 41R using the detection signal
SC generated by the imaging unit41C as reference. Note
that (a) of Fig. 17 is similar to (a) of Fig. 15, and (b) to (d)
of Fig. 17 are similar to (b) to (d) of Fig. 15, and thus
descriptions thereof will be omitted.

[0104] (e) of Fig. 17 illustrates the detection signal SC
generated by the imaging unit 41C together with state
detection results. Furthermore, (f) of Fig. 17 illustrates
the detection signal SRh on which the time difference
correction process has been performed together with
state detection results. As described with reference to
Fig. 16, in a case where there is the time difference illus-
trated in Fig. 16 between the detection signal SC and the
detection signal SR, "1" is added to the frame numbers
of the detection signal SR since the time difference cor-
rection amount EC is set to "1", thereby generating the
detection signal SRh illustrated in (f) of Fig. 17. By per-
forming such a process, the time difference between the
detection signal SC and the detection signal SR can be
corrected.

[0105] Fig. 18is adiagramiillustrating a third operation
example in the second embodiment, and Fig. 19 is a di-
agram illustrating a fourth operation example in the sec-
ond embodiment. In each of the third operation example
and the fourth operation example, a case is exemplified
where the periods of the two states of the calibration tar-
get 20 are each a multiple-frame period of the detection
signals SC and SR.

[0106] The third operation example illustrated in Fig.
18illustrates a case where the detection signal generated
by the imaging unit 41C and the detection signal gener-
ated by the radar unit 41R are synchronized. (a) of Fig.
18 illustrates the state WSa where the reflector 21a is
selected in the calibration target 20, and the state where
the reflector 21ais not hidden by the radio wave absorber
22a is denoted by "OPEN", and the state where the re-
flector 21a is hidden by the radio wave absorber 22a is
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denoted by "CLOSE". (b) of Fig. 18 illustrates the state
WSb where the reflector 21b is selected in the calibration
target 20, and the state where the reflector 21b is not
hidden by the radio wave absorber 22b is denoted by
"OPEN?", and the state where the reflector 21b is hidden
by the radio wave absorber 22b is denoted by "CLOSE".
(c) of Fig. 18 illustrates the state WSc where the reflector
21cis selected in the calibration target 20, and the state
where the reflector 21c¢ is not hidden by the radio wave
absorber 22c is denoted by "OPEN", and the state where
the reflector 21c is hidden by the radio wave absorber
22cisdenoted by "CLOSE". In that case, the state switch-
ing period of the calibration target 20 is a three-frame
period.

[0107] (d) of Fig. 18 illustrates the indication informa-
tion DS of the indicator 23. For example, the indication
La indicates that only the reflector 21a is not hidden by
the radio wave absorber 22a, and the reflectors 21b and
21care hidden by the radio wave absorbers 22b and 22c,
respectively. The indication Lb indicates that only the re-
flector 21b is not hidden by the radio wave absorber 22b,
and the reflectors 21a and 21c are hidden by the radio
wave absorbers 22a and 22c, respectively. The indica-
tion Lc indicates that only the reflector 21c is not hidden
by the radio wave absorber 22c, and the reflectors 21a
and 21b are hidden by the radio wave absorbers 22a and
22b, respectively.

[0108] (e) of Fig. 18 illustrates the detection signal SC
generated by the imaging unit 41C together with state
detection results. Furthermore, (f) of Fig. 18 illustrates
the detection signal SR generated by the radar unit 41R
together with state detection results.

[0109] In a case where the detection signal SC gener-
ated by the imaging unit 41C and the detection signal SR
generated by the radar unit 41R are synchronized, the
frame numbers of the detection signal SC and the detec-
tion signal SR when there occurs an equal change in the
state of the calibration target 20 are equal. Therefore,
the time difference correction amount EC is "0".

[0110] The fourth operation example illustrated in Fig.
19 illustrates a case where there is temporal misalign-
ment between the detection signal generated by the im-
aging unit41C and the detection signal generated by the
radar unit 41R. Note that (a) of Fig. 19 is similar to (a) of
Fig. 18, and (b) to (d) of Fig. 19 are similar to (b) to (d)
of Fig. 18, and thus descriptions thereof will be omitted.
[0111] (e) of Fig. 19 illustrates the detection signal SC
generated by the imaging unit 41C together with state
detection results. Furthermore, (f) of Fig. 19 illustrates
the detection signal SR generated by the radar unit 41R
together with state detection results.

[0112] Inacase where there is a time difference in the
detection signal SR generated by the radar unit 41R with
respect to the detection signal SC generated by the im-
aging unit 41C, frame numbers which indicate an equal
change in the state detection results of the calibration
target 20 may differ between the detection signal SC and
the detection signal SR. For example, frame number 6
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is a frame in which the state detection result based on
the detection signal SC has changed from the indication
La to the indication Lb, whereas a frame in which the
state detection result based on the detection signal SR
has changed from the indication La to the indication Lb
is frame number 4, and therefore, the time difference ER
is "2". Furthermore, frame number 10 is a frame in which
the state detection result based on the detection signal
SC has changed from the indication Lb to the indication
Lc, whereas a frame in which the state detection result
based on the detection signal SR has changed from the
indication Lb to the indication Lc is frame number 8, and
therefore, the time difference ER is "2". Moreover, frame
number 14 is a frame in which the state detection result
based on the detection signal SC has changed from the
indication Lc to the indication La, whereas a frame in
which the state detection result based on the detection
signal SR has changed from the indication Lc to the in-
dication La is frame number 12, and therefore, the time
difference ER is "2". Therefore, the time difference cor-
rection amount setting unit 65-1 sets the time difference
correction amount EC to "2". Furthermore, when the time
difference correction amount EC is set, the calibration
success flag is set to the set state by the time difference
correction amount setting process illustrated in Fig. 6.
[0113] Fig. 20 illustrates the fourth operation example
after calibration, and the time difference correction proc-
ess has been performed on the detection signal SR gen-
erated by the radar unit 41R using the detection signal
SC generated by the imaging unit41C as reference. Note
that (a) of Fig. 20 is similar to (a) of Fig. 18, and (b) to (d)
of Fig. 20 are similar to (b) to (d) of Fig. 18, and thus
descriptions thereof will be omitted.

[0114] (e) of Fig. 20 illustrates the detection signal SC
generated by the imaging unit 41C together with state
detection results. Furthermore, (f) of Fig. 20 illustrates
the detection signal SRh on which the time difference
correction process has been performed together with
state detection results. As described with reference to
Fig. 19, in a case where there is the time difference illus-
trated in Fig. 19 between the detection signal SC and the
detection signal SR, "2" is added to the frame numbers
of the detection signal SR since the time difference cor-
rection amount EC is set to "2", thereby generating the
detection signal SRh illustrated in (f) of Fig. 20. By per-
forming such a process, the time difference between the
detection signal SC and the detection signal SR can be
corrected.

[0115] Note that the case where the three states of the
calibration target 20 are repeated in a predetermined pe-
riod has been exemplified in the above operation exam-
ples, but if the number of states of the calibration target
20 is increased and the states are repeated in a prede-
termined period, temporal misalignment of three or more
frames can be corrected.

[0116] As described above, according to the second
embodiment, temporal misalignment between the detec-
tion signals acquired by the plurality of sensors can be
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corrected even in a case where the temporal misalign-
ment is larger than that in the first embodiment.

<4. Third Embodiment>

[0117] Although the case where the imaging unit and
the radar unit are used has been described in the above-
described embodiments, a lidar unit 41L using a lider
sensor may further be used as the active sensor. The
lidar radiates laser light and generates a detection signal
on the basis of the laser light (reflection light) reflected
by the calibration target.

[0118] Fig. 21 exemplifies a configuration of an infor-
mation processing apparatus in a third embodiment. An
information processing apparatus 30-3 includes a sensor
unit 40-3 and a signal processing unit 50-3.

[0119] The sensor unit 40-3 includes the imaging unit
41C, the radar unit 41R, and the lidar unit 41L. The im-
aging unit 41C generates a detection signal indicating an
imaged image of the calibration target for each frame and
outputs the detection signal to the signal processing unit
50-3. The radar unit 41R generates a detection signal for
each frame on the basis of a reflection beam and outputs
the detection signal to the signal processing unit 50-3.
The lidar unit 41L generates a detection signal for each
frame on the basis of reflection light and outputs the de-
tection signal to the signal processing unit 50-3. Further-
more, the detection signals generated by the imaging
unit41C, the radar unit41R, and the lidar unit41L include
frame information (for example, frame numbers) with
which frames can be identified.

[0120] The signal processing unit 50-3 includes the
camera signal processing unit 51C, the radar signal
processing unit 51R, a lidar signal processing unit 51L,
the synchronization extraction unit 52, synchronization
processing units 53R and 53L, the recognizer 55, and a
calibration unit 60-3.

[0121] The camera signal processing unit 51C per-
forms a camera signal process, for example, at least one
of a noise removal process, a gain adjustment process,
adefective pixel correction process, a demosaic process,
a color adjustment process, or the like, with respect to
the detection signal supplied from the imaging unit 41C.
The camera signal processing unit 51C outputs the proc-
essed detection signal to the synchronization extraction
unit 52 and the calibration unit 60-1.

[0122] On the basis of the detection signal from the
radar unit 41R, the radar signal processing unit 51R cal-
culates a relative distance and a relative speed with re-
spect to the calibration target on the basis of a difference
between the frequency of the reflection beam and the
frequency of a transmission beam. Furthermore, a direc-
tion of the calibration target is calculated on the basis of
a phase difference between receiving array antennas of
the reflection beam. The radar signal processing unit51R
outputs the processed detection signal to the synchroni-
zation processing unit 53 and the calibration unit 60-1.
[0123] On the basis of the detection signal from the
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lidar unit 41L, the lidar signal processing unit 51L calcu-
lates arelative distance and arelative speed with respect
to the calibration target on the basis of emission timing
ofthe laser light, and a result of reception of the reflection
light. Furthermore, a direction of the calibration target is
calculated on the basis of a radiation direction of the laser
light and the reflection light. The lidar signal processing
unit 51L outputs the processed detection signal to the
synchronization processing unit 53L and the calibration
unit 60-3.

[0124] The synchronization extraction unit 52 extracts
frame numbers from the detection signal and outputs the
frame numbers to the synchronization processing units
53R and 53L. Furthermore, the synchronization extrac-
tion unit 52 may extract the frame numbers and a syn-
chronization signal from the detection signal and output
the frame numbers and the synchronization signal to the
synchronization processing units 53R and 53L. Further-
more, the synchronization extraction unit 52 outputs the
detection signal supplied from the camera signal
processing unit 51C to a recognizer 56.

[0125] The synchronization processing unit 53R cor-
rects the frame numbers of the detection signal supplied
from the radar signal processing unit 51R on the basis
of the frame numbers supplied from the synchronization
extraction unit 52 and a time difference correction amount
ECr set by the calibration unit 60-3, and outputs the cor-
rected detection signal to the recognizer 56. Further-
more, in a case where the synchronization signal is sup-
plied from the synchronization extraction unit 52, the syn-
chronization processing unit 53 may output the detection
signal of which the frame numbers have been corrected
to the recognizer 56 attiming equal to that of the detection
signal output from the synchronization extraction unit 52
to the recognizer 56 by synchronizing these detection
signals, that is, by matching the frame numbers of these
detection signals.

[0126] The synchronization processing unit 53L cor-
rects the frame numbers of the detection signal supplied
from the lidar signal processing unit 51L on the basis of
the frame numbers supplied from the synchronization ex-
traction unit 52 and a time difference correction amount
ECI set by the calibration unit 60-3, and outputs the cor-
rected detection signal to the recognizer 56. Further-
more, in a case where the synchronization signal is sup-
plied from the synchronization extraction unit 52, the syn-
chronization processing unit 53L may output the detec-
tion signal of which the frame numbers have been cor-
rected to the recognizer 56 at timing equal to that of the
detection signal output from the synchronization extrac-
tion unit 52 to the recognizer 56 by synchronizing these
detection signals, thatis, by matching the frame numbers
of these detection signals.

[0127] The recognizer 56 performs a subject recogni-
tion process on the basis of the detection signal supplied
from the synchronization extraction unit 52 and the de-
tection signals supplied from the synchronization
processing units 53R and 53L, temporal misalignment in
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the detection signals having been corrected.

[0128] The calibration unit60-3 sets the time difference
correction amounts ECr and ECI using the detection sig-
nals generated by the imaging unit 41C, the radar unit
41R, and the lidar unit 41L. The calibration unit 60-1 in-
cludes state detection units 61C, 61R, and 61L, frame
number extraction units 62C, 62R, and 62L, and a time
difference correction amount setting unit 65-3.

[0129] The state detection unit 61C detects a state of
the calibration target on the basis of the detection signal
supplied from the camera signal processing unit 51C.
Forexample, the state detection unit61C performsimage
recognition using the detection signal, detects a state,
i.e., whether the reflector 21 is not hidden or is hidden
by the radio wave absorber 22 in the calibration target
20, and outputs a result of the detection to the time dif-
ference correction amount setting unit 65-3.

[0130] The state detection unit 61R detects a state of
the calibration target on the basis of the detection signal
supplied from the radar signal processing unit 51R. For
example, the state detection unit 61R detects which of
the reflectors 21a, 21b, or 21c is selected in the calibra-
tion target 20 on the basis of a signal level of the detection
signal, and outputs a result of the detection to the time
difference correction amount setting unit 65-3.

[0131] The state detection unit 61L detects a state of
the calibration target on the basis of the detection signal
supplied from the lidar signal processing unit 51L. For
example, the state detection unit 61L detects which of
the reflectors 21a, 21b, or 21c is selected in the calibra-
tion target 20 on the basis of a signal level of the detection
signal, and outputs a result of the detection to the time
difference correction amount setting unit 65-3.

[0132] The frame number extraction unit 62C extracts
frame numbers from the detection signal supplied from
the camera signal processing unit 51C and outputs the
frame numbers to the time difference correction amount
setting unit 65-3.

[0133] The frame number extraction unit 62R extracts
frame numbers from the detection signal supplied from
the radar signal processing unit 51R and outputs the
frame numbers to the time difference correction amount
setting unit 65-3.

[0134] The frame number extraction unit 62L extracts
frame numbers from the detection signal supplied from
the lidar signal processing unit 51L and outputs the frame
numbers to the time difference correction amount setting
unit 65-3.

[0135] With the use of any one of the detection signals
each generated by one of the plurality of sensors, for
example, the detection signal SC, as reference, the time
difference correction amount setting unit 65-1 calculates
a time difference ERr in the detection signal SR with re-
spect to the detection signal SC as reference and a time
difference ERI in the detection signal SL with respect to
the detection signal SC by using state detection results
of respective frames in the state detection units 61C, 61R,
and 61L. Regarding the calculation of the time difference
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ERr, for example, the frame numbers supplied from the
frame number extraction units 62C and 62R are used,
and a difference in the frame numbers when there occurs
an equal change in the state of the calibration target is
defined as the time difference ERr. Regarding the calcu-
lation of the time difference ERI, for example, the frame
numbers supplied from the frame number extraction units
62C and 62L are used, and a difference in the frame
numbers when there occurs an equal change in the state
of the calibration target is defined as the time difference
ERI. The time difference correction amount setting unit
65-1 sets each of the time difference correction amount
ECr for the detection signal SR on the basis of the cal-
culated time difference ERr and the time difference cor-
rection amount ECI for the detection signal SL on the
basis of the calculated time difference ERI.

[0136] Next, an operation of the third embodiment will
be described. In the third embodiment, similarly to the
first embodiment, the detection signal acquisition proc-
essillustrated in Fig. 5 is performed to acquire a detection
signal for the determination target period. Note that the
determination target period is a period of time longer than
the state switching period of the calibration target 20.
Furthermore, inthe third embodiment, the time difference
correction amount setting process is performed, the time
difference ERr is calculated by using a frame number of
the detection signal SR indicating a change in the state
detection result of the calibration target 20 equal to that
in the detection signal SC, and setting of the time differ-
ence correction amount ECr, setting of the calibration
success flag, and the like are performed. Furthermore,
in the third embodiment, the time difference ERI is cal-
culated by using a frame number of the detection signal
SL indicating a change in the state detection result of the
calibration target 20 equal to that in the detection signal
SC, and setting of the time difference correction amount
ECI, setting of the calibration success flag, and the like
are performed.

[0137] Fig. 22 is a flowchart exemplifying the time dif-
ference correction amount setting process in the third
embodiment. Note that the time difference correction
amount setting process corresponds to the process of
step ST5in Fig. 3.

[0138] Instep ST31, the information processing appa-
ratus calculates the time differences ERr and ERI. Re-
garding a time difference calculation target frame of the
detection signal generated by the imaging unit 41C, the
time difference correction amount setting unit 65-3 in the
calibration unit 60 of the information processing appara-
tus 30-3 calculates the time difference ERr from the de-
tection signal generated by the radar unit 41R, the time
difference ERI from the detection signal generated by the
lidar unit 41L on the basis of the state detection results.
Note that the time difference calculation target frame is
a frame when the state detection result of the calibration
target 20 changes.

[0139] The time difference correction amount setting
unit 65-3 performs a process similar to that in step ST21
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of Fig. 6 described above, and calculates the time differ-
ence ERr in the detection signal SR with respect to the
detection signal SC. Furthermore, a process similar to
the calculation of the time difference in the detection sig-
nal SR with respect to the detection signal SC is per-
formed, and the time difference ERIin the detection signal
SL with respect to the detection signal SC is calculated.
The time difference correction amount setting unit 65-3
sets each of the time difference correction amount ECr
for the detection signal SR and the time difference cor-
rection amount ECI for the detection signal SL on the
basis of the calculated time differences, and proceeds to
step ST32.

[0140] Instep ST32, the information processing appa-
ratus determines whether or not the calculation of the
time difference in the determination target period has
been completed. The time difference correction amount
setting unit 65-3 of the information processing apparatus
30-3 proceeds to step ST33 if the calculation of the time
difference, which is performed for each frame in which
the state detection result has changed in the determina-
tion target period, has notbeen completed, and proceeds
to step ST34 if the calculation of the time difference,
which is performed for each frame in which the state de-
tection result has changed, has been completed.
[0141] In step ST33, the information processing appa-
ratus performs an update process of the time difference
calculation target frame. The time difference correction
amount setting unit 65-3 of the information processing
apparatus 30-3 sets the time difference calculation target
frame to a next frame in the detection signal SC in which
the state detection result of the calibration target 20 has
changed, and returns to step ST31.

[0142] In step ST34, the information processing appa-
ratus determines whether or not the calculated time dif-
ferences ERr are equal. The time difference correction
amount setting unit 65-3 of the information processing
apparatus 30-3 proceeds to step ST35 if it is determined
that the time differences ERr are equal, and proceeds to
step ST37 if a frame indicating a different time difference
ERris included.

[0143] In step ST35, the information processing appa-
ratus sets a time difference correction amount. On the
basis of the time difference ERr calculated in step ST31,
the time difference correction amount setting unit 65-3
of the information processing apparatus 30-3 sets the
time difference correction amount ECr with which a frame
number of the detection signal SR indicating a change
in the state detection result of the calibration target 20
equal to that in the detection signal SC is made equal to
a corresponding frame number of the detection signal
SC, and proceeds to step ST36.

[0144] In step ST36, the information processing appa-
ratus sets a radar unit calibration success flag. Because
the setting of the time difference correction amount ECr
with respect to the detection signal SR has been com-
pleted, the time difference correction amount setting unit
65-3 of the information processing apparatus 30-3 sets
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the radar unit calibration success flag to the set state (on
state), and proceeds to step ST38.

[0145] Instep ST37, the information processing appa-
ratus causes the radar unit calibration success flag to be
not set. The time difference correction amount setting
unit 65-3 of the information processing apparatus 30-3
does not perform the setting of the time difference cor-
rection amount ECr with respect to the detection signal
SR because a frame indicating a different time difference
ERr is included, and thus the time difference correction
amount setting unit 65-3 of the information processing
apparatus 30-3 sets the radar unit calibration success
flag to the non-set state (off state), and proceeds to step
ST38.

[0146] In step ST38, the information processing appa-
ratus determines whether or not the time differences ERI
are equal. The time difference correction amount setting
unit 65-3 of the information processing apparatus 30-3
proceeds to step ST39 if it is determined that the time
differences ERI are equal, and proceeds to step ST41 if
a frame indicating a different time difference ERI is in-
cluded.

[0147] Instep ST39, the information processing appa-
ratus sets the time difference correction amount ECI. On
the basis of the time difference ERI calculated in step
ST31, the time difference correction amount setting unit
65-3 of the information processing apparatus 30-3 sets
the time difference correction amount ECI with which a
frame number of the detection signal SL indicating a
change in the state detection result of the calibration tar-
get 20 equal to that in the detection signal SC is made
equal to a corresponding frame number of the detection
signal SC, and proceeds to step ST40.

[0148] In step ST40, the information processing appa-
ratus sets the calibration success flag with respect to the
detection signal SL. Because the setting of the time dif-
ference correction amount ECI has been completed, the
time difference correction amount setting unit 65-3 of the
information processing apparatus 30-3 sets the calibra-
tion success flag with respect to the detection signal SL
to the set state (on state), and ends the process.
[0149] Instep ST41, the information processing appa-
ratus causes the calibration success flag to be not set
with respect to the detection signal SL. The time differ-
ence correction amount setting unit 65-3 of the informa-
tion processing apparatus 30-3 does not perform the set-
ting of the time difference correction amount ECI with
respect to the detection signal SL because a frame indi-
cating a different time difference is included, and thus
the time difference correction amount setting unit 65-3
of the information processing apparatus 30-3 sets the
calibration success flag with respect to the detection sig-
nal SL to the non-set state (off state), and ends the proc-
ess.

[0150] Next, an operation of the third embodiment will
be described. In the third embodiment, similarly to the
first embodiment and the second embodiment, the de-
tection signal acquisition process illustrated in Fig. 5 is
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performed to acquire a detection signal for the determi-
nation target period. Note that the determination target
period is a period of time longer than the state switching
period of the calibration target 20. Furthermore, in the
third embodiment, the time difference correction amount
setting process illustrated in Fig. 22 is performed, the
time difference ERris calculated by using aframe number
of the detection signal SR indicating a change in the state
detection result of the calibration target 20 equal to that
in the detection signal SC, and on the basis of the calcu-
lated time difference ERr, setting of the time difference
correction amount ECr is performed, and setting of the
calibration success flag with respect to the detection sig-
nal SR, and the like are performed. Moreover, the time
difference ERI is calculated by using a frame number of
the detection signal SL indicating a change in the state
detection result of the calibration target 20 equal to that
in the detection signal SC, and on the basis of the calcu-
lated time difference ERI, setting of the time difference
correction amount ECI is performed, and setting of the
calibration success flag with respect to the detection sig-
nal SL, and the like are performed.

[0151] Next, operation examples of the third embodi-
ment will be described with reference to Figs. 23 to 25.
Fig. 23 is a diagram illustrating a first operation example
in the third embodiment, and Fig. 24 is a diagram illus-
trating a second operation example in the third embodi-
ment. In each of the first operation example and the sec-
ond operation example, a case is exemplified where the
periods of the two states of the calibration target 20 are
each a one-frame period of the detection signals SC and
SR.

[0152] The firstoperation example illustrated in Fig. 23
illustrates a case where the detection signal generated
by the imaging unit 41C and the detection signal gener-
ated by the radar unit 41R are synchronized. (a) of Fig.
23 illustrates the state WSa of the reflector 21a in the
calibration target 20, and the state where the reflector
21a is not hidden by the radio wave absorber 22a is de-
noted by "OPEN", and the state where the reflector 21a
is hidden by the radio wave absorber 22a is denoted by
"CLOSE". (b) of Fig. 23 illustrates the state WSb of the
reflector 21b in the calibration target 20, and the state
where the reflector 21b is not hidden by the radio wave
absorber 22b is denoted by "OPEN", and the state where
the reflector 21b is hidden by the radio wave absorber
22b is denoted by "CLOSE". (c) of Fig. 23 illustrates the
state WSc of the reflector 21c¢ in the calibration target 20,
and the state where the reflector 21cis not hidden by the
radio wave absorber 22¢ is denoted by "OPEN", and the
state where the reflector 21c is hidden by the radio wave
absorber 22c¢ is denoted by "CLOSE". In that case, the
state switching period of the calibration target 20 is a
three-frame period.

[0153] (d) of Fig. 23 illustrates the indication informa-
tion DS of the indicator 23. For example, the indication
La indicates that only the reflector 21a is not hidden by
the radio wave absorber 22a, and the reflectors 21b and
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21c are hidden by the radio wave absorbers 22b and 22c,
respectively. The indication Lb indicates that only the re-
flector 21b is not hidden by the radio wave absorber 22b,
and the reflectors 21a and 21c are hidden by the radio
wave absorbers 22a and 22c, respectively. The indica-
tion Lc indicates that only the reflector 21c is not hidden
by the radio wave absorber 22c¢, and the reflectors 21a
and 21b are hidden by the radio wave absorbers 22a and
22b, respectively.

[0154] (e) of Fig. 23 illustrates the detection signal SC
generated by the imaging unit 41C together with state
detection results. Furthermore, (f) of Fig. 23 illustrates
the detection signal SR generated by the radar unit 41R
together with state detection results. Moreover, (g) of Fig.
23 illustrates the detection signal SL generated by the
lidar unit 41L together with state detection results. Note
that in Fig. 23 and Figs. 24 and 25 as described later,
the reference sign (La) indicates that an indication rec-
ognition result of the indicator 23 is the indication La, the
reference sign (Lb) indicates that an indication recogni-
tion result is the indication Lb, and the reference sign (Lc)
indicates that an indication recognition result of the indi-
cator 23 is the indication Lc.

[0155] In a case where the detection signal SC gener-
ated by the imaging unit 41C, the detection signal SR
generated by the radar unit 41R, and the detection signal
SL generated by the lidar unit 41L are synchronized, the
frame numbers of the detection signal SC, the detection
signal SR, and the detection signal SL when there occurs
an equal change in the state of the calibration target 20
are equal. Therefore, the time difference correction
amounts ECr and ECl are "0".

[0156] The second operation example illustrated in
Fig. 24 illustrates a case where there is temporal mis-
alignment between the detection signal generated by the
imaging unit 41C and the detection signal generated by
the radar unit 41R and there is temporal misalignment
between the detection signal generated by the imaging
unit 41C and the detection signal generated by the lidar
unit 41L. Note that (a) of Fig. 24 is similar to (a) of Fig.
23, and (b) to (d) of Fig. 24 are similar to (b) to (d) of Fig.
23, and thus descriptions thereof will be omitted.
[0157] (e) of Fig. 24 illustrates the detection signal SC
generated by the imaging unit 41C together with state
detection results. Furthermore, (f) of Fig. 24 illustrates
the detection signal SR generated by the radar unit 41R
together with state detection results, and (g) of Fig. 24
illustrates the detection signal SL generated by the lidar
unit 41L together with state detection results.

[0158] Ina case where there is a time difference in the
detection signal SR generated by the radar unit41R and
the detection signal SL generated by the lidar unit 41L
with respect to the detection signal SC generated by the
imaging unit41C, frame numbers which indicate an equal
change in the state detection results of the calibration
target 20 may differ between the detection signal SC and
the detection signal SR, and between the detection signal
SC and the detection signal SL. For example, frame
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number 3 is a frame in which the state detection result
based on the detection signal SC has changed from the
indication Lb to the indication Lc, whereas a frame in
which the state detection result based on the detection
signal SR has changed from the indication Lb to the in-
dication Lc is frame number 1, and therefore, the time
difference ERr is "2". Furthermore, frame number 4 is a
frame in which the state detection result based on the
detection signal SC has changed from the indication Lc
to the indication La, whereas a frame in which the state
detection result based on the detection signal SR has
changed from the indication Lc to the indication La is
frame number 2, and therefore, the time difference ERr
is"2". Moreover, frame number 5 is a frame in which the
state detection result based on the detection signal SC
has changed from the indication La to the indication Lb,
whereas aframe in which the state detectionresultbased
on the detection signal SR has changed from the indica-
tion La to the indication Lb is frame number 3, and there-
fore, the time difference ERr is "2". As described above,
since the time difference ERr is "2", the time difference
correction amount ECr with respect to the detection sig-
nal SRissetto"2". Furthermore, when the time difference
correction amount ECr is set, the radar unit calibration
success flag is set to the set state by the time difference
correction amount setting process illustrated in Fig. 22.
[0159] Frame number 2 is a frame in which the state
detection result based on the detection signal SC has
changed from the indication La to the indication Lb,
whereas aframe in which the state detectionresultbased
on the detection signal SL has changed from the indica-
tion La to the indication Lb is frame number 1, and there-
fore, the time difference ERI is "1". Furthermore, frame
number 3 is a frame in which the state detection result
based on the detection signal SC has changed from the
indication Lb to the indication Lc, whereas a frame in
which the state detection result based on the detection
signal SL has changed from the indication Lb to the in-
dication Lc is frame number 2, and therefore, the time
difference ERI is "1". Moreover, frame number 4 is a
frame in which the state detection result based on the
detection signal SC has changed from the indication Lc
to the indication La, whereas a frame in which the state
detection result based on the detection signal SL has
changed from the indication Lc to the indication La is
frame number 3, and therefore, the time difference ERI
is"1". As described above, since the time difference ERI
is "1", the time difference correction amount ECI with re-
spectto the detection signal SL is setto "1". Furthermore,
when the time difference correction amount ECr is set,
the lidar unit calibration success flag is set to the set state
by the time difference correction amount setting process
illustrated in Fig. 22.

[0160] Fig.25illustratesthe second operation example
after calibration, and the time difference correction proc-
ess has been performed on the detection signal SR gen-
erated by the radar unit 41R and the detection signal SL
generated by the lidar unit 41L using the detection signal
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SC generated by the imaging unit41C as reference. Note
that (a) of Fig. 25 is similar to (a) of Fig. 23, and (b) to (d)
of Fig. 25 are similar to (b) to (d) of Fig. 23, and thus
descriptions thereof will be omitted.

[0161] (e) of Fig. 25 illustrates the detection signal SC
generated by the imaging unit 41C together with state
detection results. Furthermore, (f) of Fig. 25 illustrates
the detection signal SRh on which the time difference
correction process has been performed together with
state detection results. Moreover, (g) of Fig. 25illustrates
the detection signal SLh on which the time difference
correction process has been performed together with
state detection results. As described with reference to
Fig. 24, in a case where there is the time difference illus-
trated in Fig. 24 between the detection signal SC and the
detection signal SR, and between the detection signal
SC and the detection signal SL, "2" is added to the frame
numbers of the detection signal SR since the time differ-
ence correction amount ECr with respect to the detection
signal SR is set to "2", thereby generating the detection
signal SRh illustrated in (f) of Fig. 25. Furthermore, "1"
is added to the frame numbers of the detection signal SL
since the time difference correction amount ECI with re-
spect to the detection signal SL is set to "1", thereby
generating the detection signal SLh illustrated in (g) of
Fig. 25. By performing such a process, the time difference
between the detection signal SC and each of the detec-
tion signal SR and the detection signal SL can be cor-
rected.

[0162] As described above, according to the third em-
bodiment, temporal misalignment between the detection
signals acquired by the plurality of sensors can be cor-
rected by setting the time difference correction amount
onthe basis of the state detection results of the calibration
target, similarly to the first embodiment. Furthermore, if
a recognition process is performed using not only the
detection signal SC but also the corrected detection sig-
nal SRh when the radar unit calibration success flag is
in the set state, the recognition process can be performed
accurately. Similarly, if a recognition process is per-
formed using not only the detection signal SC but also
the corrected detection signal SLh when the lidar unit
calibration success flag is in the set state, the recognition
process can be performed accurately. Furthermore,
since the radar unit calibration success flag is in the non-
set state in a case where the temporal misalignment in
the detection signal SR cannotbe corrected, and the lidar
unit calibration success flag is in the non-set state in a
case where the temporal misalignment in the detection
signal SL cannot be corrected, it is possible to prevent
problems resulting from the use of the detection signal
including the temporal misalignment, for example, a de-
crease in object recognition accuracy, from occurring, if
the recognizer 55 performs a recognition process using
the detection signal SC and a detection signal in which
the calibration success flag is in the set state, or any one
of the detection signals in a case where all the calibration
success flags are in the non-set state.

10

15

20

25

30

35

40

45

50

55

18

<5. Modifications>

[0163] Inthe above-described embodiments, the case
has been exemplified where the calibration target 20 in-
cludes a reflector and a radio wave absorber, and the
states of the calibration target 20 are switched by opening
and closing the radio wave absorber, but the calibration
target 20 is not limited to such a configuration and oper-
ation. Figs. 26 and 27 each exemplify another configu-
ration of the calibration target, Fig. 26 is a perspective
view illustrating the other configuration of the calibration
target, and Fig. 27 is a set of a front view and a top view
of the other configuration of the calibration target.
[0164] A calibration target 20e includes a rotating body
25, a rotary drive unit 26 which drives the rotating body
25, a support post 27, and a pedestal 28. The rotating
body 25 is attached to the support post 27 via the rotary
drive unit 26, and is rotatable by the rotary drive unit 26
with the support post 27 as a rotation axis. Furthermore,
the support post 27 is attached to the pedestal 28, and
the support post 27 includes the indicator 23 with an in-
dication surface thereof facing a direction of the imaging
unit 41C.

[0165] The rotating body 25 includes a bottom portion
251 in a rectangular shape and a partition plate 252 ex-
tending in a rotation axis direction from a diagonal posi-
tion of the bottom portion 251. Furthermore, the partition
plate 252 includes a member which does not reflect the
transmission beam. A reflector is arranged in a region
partitioned by the partition plate 252 with a transmission
beam incident surface thereof facing outward. For exam-
ple, in Figs. 26 and 27, the two reflectors 21a and 21b
having different radar cross-sections are each arranged
in a target region around the rotation axis with the trans-
mission beam incident surface thereof facing outward.
[0166] In acase where such a calibration target 20e is
used, rotating the rotating body 25 causes switching of
a reflector corresponding to the radar unit 41R, which
makes it possible to perform switching between the
states of the calibration target. Furthermore, regarding
the calibration target 20e, the states of the calibration
target can be switched simply by rotating the rotating
body 25 without opening or closing a radio wave absorb-
er, so that the states of the calibration target can be
switched easily and at high speed.

[0167] By the way, in the above-described embodi-
ments, the states of the calibration target 20 are switched
in a predetermined period, and therefore, if a time differ-
ence is shorter than the predetermined period, the time
difference can be calculated correctly since there is one
state change in the predetermined period, the state
change indicating a state detection result equal to that
based on the detection signal SC. However, in a case
where the time difference is equal to or longer than the
predetermined period, if a state change which indicates
an equal state detection result is detected in a frame in
which a difference in frame numbers is shorter than the
time difference, a shorter time difference is detected.
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[0168] Fig. 28 exemplifies a case where a time differ-
ence is equal to or longer than the state switching period
of the calibration target. (a) of Fig. 28 illustrates the state
WS of the calibration target 20, and the state where the
reflector 21 is not hidden by the radio wave absorber 22
is denoted by "OPEN" and the state where the reflector
21 is hidden by the radio wave absorber 22 is denoted
by "CLOSE". Furthermore, the state switching period of
the calibration target 20 is a two-frame period.

[0169] (b) of Fig. 28 illustrates frame numbers and
state detection results of the detection signal SC gener-
ated by the imaging unit 41C. Furthermore, (c) of Fig. 28
illustrates frame numbers and state detection results of
the detection signal SR generated by the radar unit41R,
and there is a time difference (corresponding to the state
switching period) of, for example, eight frames with re-
spect to the detection signal SC.

[0170] In that case, frame number 13 is a frame in
which the state detection result based on the detection
signal SC has changed from the OPEN state to the
CLOSE state, whereas frames in which the state detec-
tion result based on the detection signal SR has changed
from the OPEN state to the CLOSE state are frame
number 5 and frame number 13, and due to the same
frame number 13 and an equal change in the state de-
tection results, there is a possibility that the time differ-
ence is determined as "0".

[0171] Therefore, regarding the calibration target, the
time difference equal to or longer than the predetermined
period may be correctly detectable by performing switch-
ing of the state WS randomly, for example, in units of one
or multiple frames of the detection signals. For example,
by randomly setting, in units of frames, a period in which
the reflector 21 is not hidden by the radio wave absorber
22 and a period in which the reflector 21 is hidden by the
radio wave absorber 22, or by randomly selecting the
reflector 21a, 21b, or 21c, the time difference correction
amount setting unit 65-1 detects, from the detection sig-
nal generated by the radar unit 41R, a frame in which
there has occurred a change equal to a state change in
a time difference calculation target frame, regarding time
difference calculation target frames of the detection sig-
nal generated by the imaging unit 41C. Moreover, the
time difference correction amount setting unit 65-1 cal-
culates a time difference which is a difference in frame
numbers between the frames in which there has occurred
a change equal to the state change, and sets a time dif-
ference correction amount by employing a time differ-
ence which is constant among time differences calculat-
ed in respective time difference calculation target frames
as a time difference between the detection signal SC and
the detection signal SR. If such a process is performed,
even if long temporal misalignment occurs, the temporal
misalignment can be corrected.

[0172] Furthermore, the configurations of the calibra-
tion units 60-1 and 60-3 are not limited to the above-
described configurations, and may include, for example,
the synchronization extraction unit 52 and the synchro-
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nization processing unit 53, or the synchronization
processing units 53R and 53L.

[0173] Furthermore, as indicated in the first to third em-
bodiments, the plurality of sensors is not limited to an
active sensor and a passive sensor, and is only required
to include at least an active sensor, and a plurality of
active sensors may be used. For example, the plurality
of sensors may include the radar unit 41R and the lidar
unit 41L, a time difference may be calculated as de-
scribed above using either one thereof as reference, and
a detection signal of the other thereof may be synchro-
nized with a detection signal of one thereof.

[0174] Notethatthe effects describedin the firstto third
embodiments and modifications are merely examples
and are not limited, and there may be additional effects.

<6. Exemplary Applications>

[0175] The technology according to the present disclo-
sure can be applied to various products. For example,
the technology according to the present disclosure may
be realized as a device mounted on any type of moving
object such as an automobile, an electric vehicle, a hybrid
electric vehicle, a motorcycle, a bicycle, a personal mo-
bility, an airplane, a drone, a ship, a robot, a construction
machine, or an agricultural machine (tractor).

[0176] Fig. 29 is a block diagram illustrating a sche-
matic example configuration of functions of a vehicle con-
trol system 100 which is an example of a moving object
control system to which the present technology can be
applied.

[0177] Note that hereinafter, in a case where a vehicle
which includes the vehicle control system 100 installed
therein is distinguished from other vehicles, the vehicle
is referred to as a system-installed car or a system-in-
stalled vehicle.

[0178] The vehicle control system 100 includes an in-
putunit 101, adataacquisition unit 102, a communication
unit 103, an in-vehicle device 104, an output control unit
105, an output unit 106, a driveline control unit 107, a
driveline system 108, a body-related control unit 109, a
body-related system 110, a storage unit 111, and an au-
tonomous driving control unit 112. The input unit 101, the
data acquisition unit 102, the communication unit 103,
the output control unit 105, the driveline control unit 107,
the body-related control unit 109, the storage unit 111,
and the autonomous driving control unit 112 are inter-
connected via a communication network 121. The com-
munication network 121 includes, for example, an on-
board communication network or a bus that conforms to
any standard such as controller area network (CAN), lo-
calinterconnect network (LIN), local area network (LAN),
or FlexRay (registered trademark). Note that respective
components of the vehicle control system 100 may be
directly connected without via the communication net-
work 121.

[0179] Note that hereinafter, in a case where the re-
spective components of the vehicle control system 100
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perform communication via the communication network
121, the description of the communication network 121
shall be omitted. For example, in a case where the input
unit 101 and the autonomous driving control unit 112
communicate with each other via the communication net-
work 121, it will be simply described that the input unit
101 and the autonomous driving control unit 112 com-
municate with each other.

[0180] Theinputunit101 includes a device used by an
occupant for inputting various data, instructions, and the
like. Forexample, the inputunit 101 includes an operation
device such as a touch panel, a button, a microphone, a
switch, and a lever, and an operation device with which
non-manual input can be performed by voice, gesture,
or the like. Furthermore, the input unit 101 may be, for
example, a remote control device using infrared rays or
other radio waves, or an externally connected device
such as a mobile device or a wearable device adaptive
to the operation of the vehicle control system 100. The
input unit 101 generates an input signal on the basis of
data, instructions, or the like input by the occupant, and
supplies the input signal to the respective components
of the vehicle control system 100.

[0181] The data acquisition unit 102 includes various
sensors and the like which acquire data used for process-
ing by the vehicle control system 100, and supplies the
acquired data to the respective components of the vehi-
cle control system 100.

[0182] For example, the data acquisition unit 102 in-
cludes various sensors for detecting the state of the sys-
tem-installed car and the like. Specifically, the data ac-
quisition unit 102 includes, for example, a gyro sensor,
an acceleration sensor, an inertial measurement unit
(IMU), and a sensor for detecting an operation amount
of the accelerator pedal, an operation amount of the
brake pedal, a steering angle of the steering wheel, en-
gine speed, motor speed, or rotation speed of the wheels,
or the like.

[0183] Furthermore, the data acquisition unit 102 in-
cludes, for example, various sensors for detecting infor-
mation regarding the outside of the system-installed car.
Specifically, the data acquisition unit 102 includes, for
example, animaging device such as a time-of-flight (ToF)
camera, a stereo camera, a monocular camera, an infra-
red camera, and other cameras. Furthermore, the data
acquisition unit 102 includes, for example, an environ-
ment sensor for detecting the weather, meteorological
phenomena, or the like, and a surrounding information
detection sensor for detecting an object around the sys-
tem-installed car. The environment sensor includes, for
example, a raindrop sensor, a fog sensor, a sunshine
sensor, or a snow sensor. The surrounding information
detection sensor includes, for example, an ultrasonic
sensor, a radar, a light detection and ranging/laser im-
aging detection and ranging (LiDAR), or a sonar.
[0184] Moreover, the data acquisition unit 102 in-
cludes, for example, various sensors for detecting a cur-
rent location of the system-installed car. Specifically, the
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data acquisition unit 102 includes, for example, a global
navigation satellite system (GNSS) receiver which re-
ceives a GNSS signal from a GNSS satellite, or the like.
[0185] Furthermore, the data acquisition unit 102 in-
cludes, for example, various sensors for detecting infor-
mation regarding the inside of the vehicle. Specifically,
the data acquisition unit 102 includes, for example, an
imaging device which images a driver, a biosensor which
detects the driver’s biological information, a microphone
which collects sound in the vehicle interior, and the like.
The biosensor is provided, for example, on a seat surface
or the steering wheel, and detects biological information
associated with the occupant sitting on a seat or the driver
holding the steering wheel.

[0186] The communication unit 103 communicates
with the in-vehicle device 104 and various devices, serv-
ers, base stations, and the like outside the vehicle, trans-
mits data supplied from the respective components of
the vehicle control system 100, and supplies received
data to the respective components of the vehicle control
system 100. Note that a communication protocol sup-
ported by the communication unit 103 is not particularly
limited, and furthermore, the communication unit 103 can
support a plurality of types of communication protocols.
For example, the communication unit 103 performs wire-
less communication with the in-vehicle device 104 by us-
ing wireless LAN, Bluetooth (registered trademark), near
field communication (NFC), wireless USB (WUSB), or
the like. Furthermore, for example, the communication
unit 103 performs wired communication with the in-vehi-
cle device 104 by using universal serial bus (USB), High-
Definition Multimedia Interface (HDMI) (registered trade-
mark), Mobile High-Definition Link (MHL), or the like via
a connection terminal (notillustrated) (and a cable if nec-
essary).

[0187] Moreover, for example, the communication unit
103 communicates, via a base station or an access point,
with a device (for example, an application server or a
control server) existing on an external network (for ex-
ample, the Internet, a cloud network, or a proprietary net-
work of a business operator). Furthermore, for example,
the communication unit 103 communicates with a termi-
nal existing in the vicinity of the system-installed car (for
example, a terminal held by a pedestrian or installed in
a store, or a machine type communication (MTC) termi-
nal), using peer to peer (P2P) technology. Moreover, for
example, the communication unit 103 performs V2X
communication such as vehicle-to-vehicle communica-
tion, vehicle-to-infrastructure communication, vehicle
(system-installed car)-to-home communication, and ve-
hicle-to-pedestrian communication. Furthermore, for ex-
ample, the communication unit 103 includes a beacon
reception unit, receives a radio wave or an electromag-
netic wave transmitted from a wireless station or the like
installed onthe road, and acquires information regarding,
for example, a current location, a traffic jam, traffic reg-
ulation, or time required.

[0188] Examples of the in-vehicle device 104 includes
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a mobile device or a wearable device owned by the oc-
cupant, an information device carried in or attached to
the system-installed car, and a navigation device which
searches for a route to any destination.

[0189] The output control unit 105 controls output of
various types of information to the occupant of the sys-
tem-installed car or the outside thereof. For example, the
output control unit 105 generates an output signal includ-
ing at least one of visual information (for example, image
data) or auditory information (for example, sound data)
and supplies the output signal to the output unit 106,
thereby controlling the output of the visual information
and the auditory information from the output unit 106.
Specifically, for example, the output control unit 105 com-
poses pieces of image data imaged by different imaging
devices of the data acquisition unit 102 to generate a
bird’s-eye view image, a panoramic image, or the like,
and supplies an output signal including the generated
image to the output unit 106. Furthermore, for example,
the output control unit 105 generates sound data includ-
ing a warning sound, a warning message, or the like for
dangers such as collision, contact, and entry into a dan-
gerous zone, and supplies an output signal including the
generated sound data to the output unit 106.

[0190] The output unit 106 includes a device capable
of outputting visual information or auditory information to
the occupant of the system-installed car or the outside
thereof. For example, the output unit 106 includes a dis-
play device, an instrument panel, an audio speaker,
headphones, a wearable device such as a spectacle-
type display worn by the occupant, a projector, and a
lamp. In addition to devices having an ordinary display,
the display device included in the output unit 106 may be
a device which displays visual information in the driver's
field of view, for example, a head-up display, a transmis-
sive display, or a device having an augmented reality
(AR) display function.

[0191] Thedriveline control unit 107 controls the drive-
line system 108 by generating various control signals and
supplying the control signals to the driveline system 108.
Furthermore, the driveline control unit 107 supplies con-
trol signals to the respective components other than the
driveline system 108 as necessary to perform notification
of a control state of the driveline system 108, and the like.
[0192] The driveline system 108 includes various de-
vices related to the driveline of the system-installed car.
For example, the driveline system 108 includes a drive
force generator for generating a drive force such as an
internal combustion engine, a drive motor, or the like, a
drive force transmission mechanism for transmitting the
drive force to the wheels, a steering mechanism which
adjusts a steering angle, a braking device which gener-
ates a braking force, an antilock brake system (ABS), an
electronic stability control (ESC), and an electric power
steering device.

[0193] The body-related control unit 109 controls the
body-related system 110 by generating various control
signals and supplying the control signals to the body-
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related system 110. Furthermore, the body-related con-
trol unit 109 supplies control signals to the respective
components other than the body-related system 110 as
necessary to perform notification of a control state of the
body-related system 110, and the like.

[0194] The body-related system 110 includes various
body-related devices mounted on a vehicle body. For
example, the body-related system 110 includes a keyless
entry system, a smart key system, a power window de-
vice, a power seat, a steering wheel, an air conditioner,
and various lamps (for example, a head lamp, a backup
lamp, a brake lamp, a turn signal, and a fog lamp).
[0195] The storage unit 111 includes, for example, a
magnetic storage device such as a read only memory
(ROM), a random access memory (RAM), and a hard
disc drive (HDD), a semiconductor storage device, an
optical storage device, and a magneto-optical storage
device. The storage unit 111 stores various programs,
data, and the like used by the respective components of
the vehicle control system 100. For example, the storage
unit 111 stores map data of, for example, a three-dimen-
sional high-precision map such as a dynamic map, a glo-
bal map which is less accurate and covers a wider area
than the high-precision map, and a local map including
information regarding the surroundings of the system-
installed car.

[0196] The autonomous driving control unit 112 per-
forms control related to autonomous driving such as au-
tonomous travelling or driving assistance. Specifically,
forexample, the autonomous driving control unit 112 per-
forms cooperative control for the purpose of realizing
functions of an advanced driver assistance system
(ADAS) including collision avoidance or shock mitigation
for the system-installed car, following driving based on a
following distance, vehicle speed maintaining driving, a
collision warning for the system-installed car, a lane de-
parture warning for the system-installed car, or the like.
Furthermore, for example, the autonomous driving con-
trol unit 112 performs cooperative control for the purpose
of autonomous driving in which autonomous travelling is
realized without depending on the operation of the driver,
or the like. The autonomous driving control unit 112 in-
cludes a detection unit 131, a self-location estimation unit
132, a situation analysis unit 133, a planning unit 134,
and an operation control unit 135.

[0197] The detection unit 131 detects various types of
information necessary for controlling autonomous driv-
ing. The detection unit 131 includes an out-of-vehicle in-
formation detection unit 141, an in-vehicle information
detection unit 142, and a vehicle state detection unit 143.
[0198] The out-of-vehicle information detection unit
141 performs a process of detecting information outside
the system-installed car on the basis of data or signals
from the respective components of the vehicle control
system 100. For example, the out-of-vehicle information
detection unit 141 performs processes of detecting, rec-
ognizing, and tracking an object around the system-in-
stalled car, and a process of detecting a distance to the
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object. Examples of the object to be detected include a
vehicle, aperson, an obstacle, a structure, aroad, a traffic
light, a traffic sign, and a road sign. Furthermore, for ex-
ample, the out-of-vehicle information detection unit 141
performs a process of detecting an environment sur-
rounding the system-installed car. Examples of the sur-
rounding environment to be detected include weather,
temperature, humidity, brightness, and a road surface
condition. The out-of-vehicle information detection unit
141 supplies data indicating results of the detection proc-
ess to the self-location estimation unit 132, a map anal-
ysis unit 151, a traffic rule recognizer 152, and a situation
recognizer 153 of the situation analysis unit 133, and an
emergency avoidance unit 171 of the operation control
unit 135, and the like.

[0199] The in-vehicle information detection unit 142
performs a process of detecting information regarding
the inside of the vehicle on the basis of data or signals
from the respective components of the vehicle control
system 100. For example, the in-vehicle information de-
tection unit 142 performs processes of authenticating and
recognizing a driver, a process of detecting a state of the
driver, a process of detecting an occupant, a process of
detecting an environmentinside the vehicle, and the like.
Examples of the state of the driver to be detected include
a physical condition, an arousal level, a concentration
level, a fatigue level, and a line-of-sight direction. Exam-
ples of the environment inside the vehicle to be detected
include temperature, humidity, brightness, and odor. The
in-vehicle information detection unit 142 supplies data
indicating results of the detection process to the situation
recognizer 153 of the situation analysis unit 133, the
emergency avoidance unit 171 of the operation control
unit 135, and the like.

[0200] The vehicle state detection unit 143 performs a
process of detecting a state of the system-installed car
on the basis of data or signals from the respective com-
ponents of the vehicle control system 100. Examples of
the state of the system-installed car to be detected in-
clude a speed, acceleration, a steering angle, the pres-
ence or absence of anomaly and details thereof, a state
of a driving operation, a position and an inclination of a
power seat, a door lock state, and states of other on-
board devices. The vehicle state detection unit 143 sup-
plies data indicating results of the detection process to
the situation recognizer 153 of the situation analysis unit
133, the emergency avoidance unit 171 of the operation
control unit 135, and the like.

[0201] The self-location estimation unit 132 performs
a process of estimating a location and an attitude of the
system-installed car, and the like, on the basis of data or
signals from the respective components of the vehicle
control system 100 such as the out-of-vehicle information
detection unit 141 and the situation recognizer 153 of the
situation analysis unit 133. Furthermore, the self-location
estimation unit 132 generates a local map used for esti-
mating a self-location (hereinafter, referred to as a self-
location estimation map), as necessary. The self-location
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estimation map is, for example, a highly accurate map
using a technique such as simultaneous localization and
mapping (SLAM). The self-location estimation unit 132
supplies data indicating results of the estimation process
to the map analysis unit 151, the traffic rule recognizer
152, and the situation recognizer 153 of the situation
analysis unit 133, and the like. Furthermore, the self-lo-
cation estimation unit 132 stores the self-location esti-
mation map in the storage unit 111.

[0202] The situation analysis unit 133 performs a proc-
ess of analyzing situations of the system-installed car
and the surroundings thereof. The situation analysis unit
133 includes the map analysis unit 151, the traffic rule
recognizer 152, the situation recognizer 153, and a situ-
ation prediction unit 154.

[0203] The map analysis unit 151 performs a process
of analyzing various maps stored in the storage unit 111
using, as necessary, data or signals from the respective
components of the vehicle control system 100 such as
the self-location estimation unit 132 and the out-of-vehi-
cle information detection unit 141, and builds a map con-
taining information necessary for a process of autono-
mous driving. The map analysis unit 151 supplies the
built map to the traffic rule recognizer 152, the situation
recognizer 153, the situation prediction unit 154, and a
route planning unit 161, an action planning unit 162, and
an operation planning unit 163 of the planning unit 134,
and the like.

[0204] The traffic rule recognizer 152 performs a proc-
ess of recognizing traffic rules around the system-in-
stalled car on the basis of data or signals from the re-
spective components of the vehicle control system 100
such as the self-location estimation unit 132, the out-of-
vehicle information detection unit 141, and the map anal-
ysis unit 151. By this recognition process, for example,
alocation and a state of a traffic light around the system-
installed car, details of traffic regulation around the sys-
tem-installed car, a lane on which vehicle are allowed to
travel, and the like are recognized. The traffic rule rec-
ognizer 152 supplies data indicating results of the rec-
ognition process to the situation prediction unit 154 and
the like.

[0205] The situation recognizer 153 performs a proc-
ess of recognizing a situation related to the system-in-
stalled car on the basis of data or signals from the re-
spective components of the vehicle control system 100
such as the self-location estimation unit 132, the out-of-
vehicle information detection unit 141, the in-vehicle in-
formation detection unit 142, the vehicle state detection
unit 143, and the map analysis unit 151. For example,
the situation recognizer 153 performs a process of rec-
ognizing a situation of the system-installed car, a situa-
tion around the system-installed car, a situation of the
driver of the system-installed car, and the like. Further-
more, the situation recognizer 153 generates alocal map
used for recognizing the situation around the system-
installed car (hereinafter referred to as a situation recog-
nition map), as necessary. The situation recognition map
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is, for example, an occupancy grid map.

[0206] Examples of the situation of the system-in-
stalled car to be recognized include a location, an atti-
tude, movement (for example, a speed, acceleration, and
a moving direction) of the system-installed car, and the
presence or absence of anomaly and details thereof. Ex-
amples of the situation around the system-installed car
to be recognized include the type and a location of a
stationary object therearound, the type, a location, and
movement (for example, a speed, acceleration, and a
moving direction) of a moving object therearound, a con-
figuration of a road therearound and a road surface con-
dition, and weather, temperature, humidity, brightness,
and the like of the surroundings. Examples of the state
ofthedriverto be recognized include a physical condition,
an arousal level, a concentration level, a fatigue level,
movement of line-of-sight, and a driving operation.
[0207] The situation recognizer 153 supplies data in-
dicating results of the recognition process (including the
situation recognition map, as necessary) to the self-lo-
cation estimation unit 132, the situation prediction unit
154, and the like. Furthermore, the situation recognizer
153 stores the situation recognition map in the storage
unit 111.

[0208] The situation prediction unit 154 performs a
process of predicting a situation related to the system-
installed car on the basis of data or signals from the re-
spective components of the vehicle control system 100
such as the map analysis unit 151, the traffic rule recog-
nizer 152, and the situation recognizer 153. Forexample,
the situation prediction unit 154 performs a process of
predicting a situation of the system-installed car, a situ-
ation around the system-installed car, a situation of the
driver, and the like.

[0209] Examples of the situation of the system-in-
stalled car to be predicted include a behavior of the sys-
tem-installed car, the occurrence of an anomaly, and a
travelable distance. Examples of the situation around the
system-installed car to be predicted include a behavior
of a moving object around the system-installed car, a
change in a state of a traffic light, and a change in an
environment such as the weather. Examples of the situ-
ation of the driver to be predicted include a behavior and
a physical condition of the driver.

[0210] The situation prediction unit 154 supplies data
indicating results of the prediction process together with
data from the traffic rule recognizer 152 and the situation
recognizer 153 to the route planning unit 161, the action
planning unit 162, and the operation planning unit 163 of
the planning unit 134, and the like.

[0211] The route planning unit 161 plans a route to a
destination on the basis of data or signals from the re-
spective components of the vehicle control system 100
such as the map analysis unit 151 and the situation pre-
diction unit 154. For example, the route planning unit 161
sets a route from a current location to a specified desti-
nation on the basis of the global map. Furthermore, the
route planning unit 161 changes the route as appropriate
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on the basis of, for example, situations of a traffic jam,
an accident, traffic restriction, construction, and the like,
and the physical condition of the driver. The route plan-
ning unit 161 supplies data indicating the planned route
to the action planning unit 162 and the like.

[0212] The action planning unit 162 plans an action of
the system-installed car in order to travel safely on the
route planned by the route planning unit 161 within a
planned time on the basis of data or signals from the
respective components of the vehicle control system 100
such as the map analysis unit 151 and the situation pre-
diction unit 154. The action planning unit 162 plans, for
example, starting, stopping, a traveling direction (for ex-
ample, forward, backward, left turn, right turn, and turn-
about), a traveling lane, a traveling speed, and overtak-
ing. The action planning unit 162 supplies data indicating
the planned action of the system-installed car to the op-
eration planning unit 163 and the like. The operation plan-
ning unit 163 plans an operation of the system-installed
car forrealizing the action planned by the action planning
unit 162 on the basis of data or signals from the respective
components of the vehicle control system 100 such as
the map analysis unit 151 and the situation prediction
unit 154. The operation planning unit 163 plans, for ex-
ample, acceleration, deceleration, a travel track, and the
like. The operation planning unit 163 supplies data indi-
cating the planned operation of the system-installed car
to an acceleration/deceleration control unit 172 and a
direction control unit 173 of the operation control unit 135,
and the like.

[0213] The operation control unit 135 controls an op-
eration of the system-installed car. The operation control
unit 135 includes the emergency avoidance unit 171, the
acceleration/deceleration control unit 172, and the direc-
tion control unit 173.

[0214] The emergency avoidance unit 171 performs a
process of detecting an emergency such as collision,
contact, entry into a dangerous zone, anomaly of the driv-
er, and anomaly of the vehicle, on the basis of the de-
tection results of the out-of-vehicle information detection
unit 141, the in-vehicle information detection unit 142,
and the vehicle state detection unit 143. In a case where
the emergency avoidance unit 171 detects the occur-
rence of an emergency, the emergency avoidance unit
171 plans the operation of the system-installed car for
avoiding an emergency such as a sudden stop or a sharp
turn. The emergency avoidance unit 171 supplies data
indicating the planned operation of the system-installed
car to the acceleration/deceleration control unit 172, the
direction control unit 173, and the like.

[0215] The acceleration/deceleration control unit 172
performs acceleration/deceleration control for realizing
the operation of the system-installed car planned by the
operation planning unit 163 or the emergency avoidance
unit 171. Forexample, the acceleration/deceleration con-
trol unit 172 calculates a control target value of the drive
force generator or the braking device for realizing
planned acceleration, deceleration, or sudden stop, and
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supplies a control command indicating the calculated
control target value to the driveline control unit 107.
[0216] Thedirection controlunit173 performs direction
control for realizing the operation of the system-installed
car planned by the operation planning unit 163 or the
emergency avoidance unit 171. For example, the direc-
tion control unit 173 calculates a control target value of
a steering mechanism for realizing a travel track or a
sharp turn planned by the operation planning unit 163 or
the emergency avoidance unit 171, and supplies a con-
trol command indicating the calculated control target val-
ue to the driveline control unit 107.

[0217] In the vehicle control system 100 described
above, the sensor unit 40 indicated in the present em-
bodiment corresponds to the data acquisition unit 102.
Furthermore, the signal processing unit 50-1 (50-3) is
provided in the out-of-vehicle information detection unit
141. In a case where the out-of-vehicle information de-
tection unit 141 performs the processes of detecting, rec-
ognizing, and tracking an object around the system-in-
stalled car, and the process of detecting a distance to
the object on the basis of data acquired by the data ac-
quisition unit 102, and the like, the out-of-vehicle infor-
mation detection unit 141 can correct temporal misalign-
ment in detection information output from the plurality of
sensors by using the time difference correction amount
set by the calibration process, which makes it possible
to perform various processes based on the acquired data
accurately without being affected by the temporal mis-
alignment in the data.

[0218] Fig. 30 exemplifies the arrangement of the cal-
ibration target in a case where a calibration process is
performed. The calibration target 20 is installed on a floor
71, which is a radio wave absorber, in a region surround-
ed by a wall 72 as a radio wave absorber. The imaging
unit 41C is attached to an upper portion of a front window
of a vehicle 80, for example, and the radar unit 41R and
the lidar unit 41L are provided at a position of a front grill
of the vehicle 80, for example. Here, in a case of per-
forming calibration, states of the calibration target 20 are
switched as described above, and the imaging unit 41C
and theradar unit41R or the lidar unit41L each generate
a detection signal indicating the state of the calibration
target 20. The out-of-vehicle information detection unit
141 provided in the vehicle 80 detects temporal misalign-
ment between the detection signals of the sensors on
the basis of the detection signal to set or update a time
difference correction amount. Thereafter, the vehicle 80
corrects the temporal misalignment between the detec-
tion signals on the basis of the time difference correction
amount, and performs various data processes.

[0219] If calibration is performed using the calibration
target as described above, even if a characteristic
change, replacement, or the like of the data acquisition
unit 102 occurs and thus the time difference between the
detection signals generated by the plurality of sensors
changes, it is possible to correct the time difference be-
tween the detection signals easily.
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[0220] Note thatthe arrangement of the calibration tar-
get illustrated in Fig. 30 is merely an example, and the
calibration target may be used, for example, on a road
on which the vehicle 80 travels, for example, an intersec-
tion, and the calibration may be performed, for example,
while the vehicle 80 is stopped at a traffic light or the like.
[0221] A series of processes described herein can be
executed by hardware, software, or a combined config-
uration of both. In a case of executing a process by soft-
ware, a program in which a processing sequence is re-
corded is executed after being installed on a memory in
a computer incorporated in dedicated hardware. Alter-
natively, the program can be executed after being in-
stalled on a general-purpose computer which can exe-
cute various processes.

[0222] For example, the program can be recorded in
advance in a hard disk, a solid state drive (SSD), or a
read only memory (ROM) as a recording medium. Alter-
natively, the program can be temporarily or permanently
stored (recorded) in aremovable recording medium such
as a flexible disk, a compact disc read only memory (CD-
ROM), a magneto-optical (MO) disk, a digital versatile
disc (DVD), a Blu-Ray Disc (BD) (registered trademark),
a magnetic disk, and a semiconductor memory card.
Such a removable recording medium can be provided as
so-called package software.

[0223] Furthermore, other than installation of the pro-
gram on the computer from a removable recording me-
dium, the program may be transferred wirelessly or by
wire from a download site to the computer via a network
such as a local area network (LAN) or the Internet. The
computer can receive the program thus transferred and
install the program on a recording medium such as a hard
disk incorporated therein.

[0224] Note thatthe effects described herein are mere-
ly examples and are not limited, and there may be addi-
tional effects not described. Furthermore, the present
technology should not be construed as being limited to
the embodiments of the technology described above.
The embodiments of this technology disclose the present
technology in a form of examples, and it is obvious that
a person skilled in the art can modify or substitute the
embodiments without departing from the gist of the
presenttechnology. Thatis, in order to determine the gist
of the present technology, claims should be taken into
consideration.

[0225] Furthermore, the calibration apparatus of the
present technology can have the following configuration.

(1) A calibration apparatus including:

a state detection unit that detects a state of a
calibration target by using detection signals
each generated by one of a plurality of sensors
and indicating detection results of the calibration
target; and

a time difference correction amount setting unit
that calculates a time difference between the de-
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tection signals each generated by one of the
sensors by using state detection results of the
calibration target obtained by the state detection
unit, and sets a time difference correction
amount on the basis of a calculation result.

(2) The calibration apparatus according to (1), in
which the plurality of sensors includes at least an
active sensor.

(3) The calibration apparatus according to (2), in
which the plurality of sensors includes the active sen-
sor and a passive sensor.

(4) The calibration apparatus according to (2), in
which the plurality of sensors is constituted by in-
cluding sensors each identical to the active sensor.
(5) The calibration apparatus according to any one
of (2) to (4), in which a radar and/or a lidar is used
as the active sensor.

(6) The calibration apparatus according to any one
of (1) to (5), in which with the use of any one of the
detection signals each generated by one of the plu-
rality of sensors as reference, the time difference
correction amount setting unit calculates a time dif-
ference with respect to the detection signal as refer-
ence by using state detection results of respective
frames of the detection signal.

(7) The calibration apparatus according to (6), in
which the time difference correction amount setting
unit calculates a difference in frame numbers when
there occurs an equal change in the state of the cal-
ibration target by using the state detection results,
and defines the difference as the time difference.
(8) The calibration apparatus according to (6) or (7),
in which the detection signals each generated by one
of the plurality of sensors indicate detection results
when states of the calibration target are randomly
switched.

(9) The calibration apparatus according to any one
of (6) to (8), further including a synchronization
processing unit that corrects, by using the time dif-
ference correction amount, the time difference in a
detection signal for which the time difference has
been calculated.

(10) The calibration apparatus according to (9), in
which the time difference indicates a difference in
frame numbers when there occurs an equal change
in the state of the calibration target, and

the synchronization processing unit outputs a detec-
tion signal corrected with the time difference correc-
tion amount with frame numbers thereof matched
with those of the detection signal as reference.
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21, 21a, 21b, 21c Reflector

22, 22a, 22b, 22c Radio wave absorber

23 Indicator

25 Rotating body

26 Rotary drive unit

27 Support post

28 Pedestal

30, 30-1, 30-3 Information processing apparatus
40, 40-1, 40-3 Sensor unit

41C Imaging unit

41L Lidar unit

41R Radar unit

50-1, 50-3 Signal processing unit

51C Camera signal processing unit

51L Lidar signal processing unit

51R Radar signal processing unit

52 Synchronization extraction unit

53, 53R, 53L Synchronization processing unit
55, 56 Recognizer

60, 60-1, 60-3 Calibration unit

61, 61C, 61R, 61L State detection unit

62C, 62R, 62L Frame number extraction unit
65, 65-1, 65-3 Time difference correction amount
setting unit

Claims

A calibration apparatus comprising:

a state detection unit that detects a state of a
calibration target by using detection signals
each generated by one of a plurality of sensors
and indicating detection results of the calibration
target; and

a time difference correction amount setting unit
that calculates a time difference between the de-
tection signals each generated by one of the
sensors by using state detection results of the
calibration target obtained by the state detection
unit, and sets a time difference correction
amount on a basis of a calculation result.

The calibration apparatus according to claim 1,
wherein the plurality of sensors includes at least an
active sensor.

The calibration apparatus according to claim 2,
wherein the plurality of sensors includes the active
sensor and a passive sensor.

The calibration apparatus according to claim 2,
wherein the plurality of sensors is constituted by in-
cluding sensors each identical to the active sensor.

The calibration apparatus according to claim 2,
wherein a radar and/or a lidar is used as the active
sensor.
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The calibration apparatus according to claim 1,
wherein with use of any one of the detection signals
each generated by one of the plurality of sensors as
reference, the time difference correction amount set-
ting unit calculates a time difference with respect to
the detection signal as reference by using state de-
tection results of respective frames of the detection
signal.

The calibration apparatus according to claim 6,
wherein the time difference correction amount set-
ting unit calculates a difference in frame numbers
when there occurs an equal change in the state of
the calibration target by using the state detection re-
sults, and defines the difference as the time differ-
ence.

The calibration apparatus according to claim 6,
wherein the detection signals each generated by one
of the plurality of sensors indicate detection results
when states of the calibration target are randomly
switched.

The calibration apparatus according to claim 6, fur-
ther comprising:

a synchronization processing unit that corrects, by
using the time difference correction amount, the time
difference in a detection signal for which the time
difference has been calculated.

The calibration apparatus according to claim 9,

wherein the time difference indicates a differ-
ence in frame numbers when there occurs an
equal change in the state of the calibration tar-
get, and

the synchronization processing unit outputs a
detection signal corrected with the time differ-
ence correction amount with frame numbers
thereof matched with those of the detection sig-
nal as reference.

A calibration method comprising:

detecting a state of a calibration target by a state
detection unit by using detection signals each
generated by one of a plurality of sensors and
indicating detection results of the calibration tar-
get; and

calculating a time difference between the detec-
tion signals each generated by one of the sen-
sors by using state detection results of the cal-
ibration target obtained by the state detection
unit, and setting a time difference correction
amount by a time difference correction amount
setting unit on a basis of a calculation result.

A program that causes a computer to execute cali-
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bration of detection signals each generated by one
of a plurality of sensors and indicating detection re-
sults of a calibration target, the program causing the
computer to execute:

a procedure for detecting a state of the calibra-
tion target by using the detection signals; and
a procedure for calculating a time difference be-
tween the detection signals each generated by
one of the sensors on a basis of state detection
results of the calibration target, and setting a
time difference correction amount on a basis of
a calculation result.

A calibration system comprising:

a sensor unit that generates detection signals
each generated by one of a plurality of sensors
and indicating detection results of a calibration
target;

a state detection unit that detects a state of the
calibration target by using the detection signals
of respective sensors generated by the sensor
unit;

a time difference correction amount setting unit
that calculates a time difference between the de-
tection signals each generated by one of the
sensors by using state detection results of the
calibration target obtained by the state detection
unit, and sets a time difference correction
amount on a basis of a calculation result; and
a synchronization processing unit that corrects
the time difference between the detection sig-
nals by using the time difference correction
amount set by the time difference correction
amount setting unit.

A calibration target comprising:
a characteristic switching unit capable of performing
switching to a different reflection characteristic state.

The calibration target according to claim 14, further
comprising:

an indicator that indicates state information indicat-
ing a state of the reflection characteristic.

The calibration target according to claim 14,
wherein the characteristic switching unit includes a
target having a predetermined reflection character-
istic and an antireflection portion movably provided
at a front surface of the target, and moves the antire-
flection portion in a predetermined period or a ran-
dom period to switch the reflection characteristic to
a different state.

The calibration target according to claim 14,
wherein the characteristic switching unit includes a
plurality of targets having different reflection charac-
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teristics and antireflection portions movably provided
at front surfaces of the plurality of targets, selects
one target of which the antireflection portion has
been moved from the front surface thereof, and
switches the target to be selected in a predetermined
period or a random period.

The calibration target according to claim 14,
wherein the characteristic switching unit includes a
rotating body in which a plurality of targets having
different reflection characteristics is provided in a ro-
tation direction, and a rotary drive unit that rotates
the rotating body to switch a reflection characteristic
to a different state in a predetermined period.
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FIG. 5
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